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The first part of my master’s research was focused on a transannular studies as a tactic in 
the natural product synthesis and proposed various synthetic methods to obtain the 
polycyclic systems from a common macrocyclic intermediate (Chapter 2). The 
macrocyclic intermediate was designed to obtain via Nozaki-Hiyama-Kishi reaction as 
the key step; the key alkyne fragment was prepared using the acetonide protection, mono 
benzylation, Wittig reaction, Corey-Fuch homologation as the key steps starting from L-
tartaric acid. 
In the later chapter, I mainly focused on DFT studies to rationalize proposed synthetic 
routes of bielschowskysin (Chapter 3). Feasibility of a transannular [2+2] cycloaddition 
reaction and macrocyclization from the linear precursor was evaluated by DFT 
calculations. The molecular structure and vibrational frequencies of the title compound in 
the ground state have been investigated with ab-initio DFT method B3LYP implementing 
the standard 6-31G(d) basis set, determined the total energy, enthalpy and free energy of 
the reaction. 
As part of our collaborative work, the aroma-active (Z)-5-dodecenal of Pontianak orange 
peel oil (Citrus nobilis Lour. var. microcarpa Hassk.) was synthesized in 6 steps and 
characterized by NMR and GC-MS techniques (Appendix A). (Z)-5-dodecenal in pure 
vii 
 
form was obtained from coupling 1-octyne with THP ether of 4-iodobutanol and cis-
selective hydrogenation by Lindlar’s catalyst and PCC oxidation as key steps.  
Later, I focused on a transannular cyclization processes from Jan 2008-Jan 2011 literature 
(Appendix B). These are categorized into cationic, anionic, radical, pericyclic and other 
insertion reaction processes. 
Simultaneously, I made a data base to synthesize macrocycles using variety of cyclization 
methods (Appendix C). Synthesis of carbocycles, macrolactones and macrolactams was 
exemplified via Yamaguchi, Shina, Mitsunobu macrolactonization, ring closing 
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1.1 Overview of transannulations 
Numerous biologically active molecules including antibiotic, antifungal and antitumor 
compounds have been isolated from natural sources. Synthetic perspectives toward the 
natural product are invariably challenging for organic chemists to develop modern 
strategies. The motivation towards making naturally occurring targets is increasing day to 
day. In the early days, intermolecular and intramolecular reactions have been strategically 
applied to the construction of polycyclic natural products, and these processes are well 
documented in the literature. Intramolecular reactions can be of two types: cyclization of 
linear chains or transannular cyclization of macrocycles. Transannular cyclization is an 
intramolecular reaction in which different functional groups distant to each other produce 
a polycyclic framework from a single macrocycle. Herein, we turned our focus on 
transannular cyclizations in which polycyclic natural products can be constructed with a 
high degree of complexity in chemo, regio and diastereoselectivity (stereoselectivity) due 
to the conformational rigidity of the macrocycle.1,2 Today, a wide variety of carbocyclic 
and heterocyclic medium ring compounds, e.g., steroids, terpenes, polyketides, alkaloids, 
have been reported to be formed via transannular process. Transannular cyclization 
requires careful selection of functional groups and a suitable conformation of the 
macrocycle. Several applications of these processes such as cationic,3-7 anionic,8-11 
radical,12-14 carbene,15,16 and pericyclic17-21 reactions have been reported. Nevertheless, 
this field is relatively young and has only recently been made possible by the 
development of efficient macrocyclic ring closure reactions. There still need to explore 
more to accomplish transannular ring closure reactions. 
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Transannular reactions may be defined as the formation of covalent bond(s) between the 
atoms lying across a cyclic architecture. Generally, the reaction will occur in macrocycles 
(medium and large rings i.e., 8-11 membered and ≥11 membered rings). Transannular 
cyclization reactions are feasible in the medium rings and the macrocycles due to 
conformational flexibility to build numerous polycyclic alkaloids, terpenoids and other 
biologically active natural products, for example, taxol derivatives. Macrocycle 
construction, structural confirmation, stereochemical complexity and control over 
stereoselective processes are key issues to address; transannular chemistry is a great 
challenge to the synthetic chemist. Macrocyclization is the first critical step to construct 
polycyclic natural product in a transannular fashion. Due to the high enthalpic and 
entropic barriers, the construction of macrocycles was a challenge before recent modern 
methods such as ring closing metathesis,22-25 ring expansion methodology26-28 and solid 
phase reactions29,30 came onto the synthetic scene.  
Recently Clarke et al. reported a review on transannular reactions of the small and 
medium sized rings.31 Herein I will mainly focus on transannular cyclization processes 
from Jan 2008-Jan 2011 literature. These will be categorized into cationic, anionic, 
radical, pericyclic and other insertion reaction processes. 
1.1.1 Cationic transannulation 
In 1952 Cope and Prelog described the transannulation phenomenon during their 
independent studies of electrophilic additions to the medium ring cycloalkenes.32,33 
Reviews on transannular electrophilic cyclizations have been published by Pattenden34 in 
1991 and by Clarke et al.31 in early 2009. Cationic transannular reactions result in 
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carbon-carbon bond formation via alkylation with in medium/large ring carbocycles in 
the presence of electrophilic reagents, and transannular processes involved in H-transfer 
reactions. In the presence of an electrophilic reagent, carbonium ion formation takes 
place and further transformation gives the carbo/polycyclic compounds. Several natural 
products such as (+)-fusicoauritone35, trilobacin36 have been synthesized using 




Overman et al. constructed the asymmetric bicyclic [5.3.0] ring system 1.4 of 
daphnipaxinin alkaloid using an aza-Cope-Mannich reaction as one of the key steps 
(Scheme 1).37 The tertiary alcohol 1.1 was treated with AgNO3 in ethanol at room 
temperature to generate the iminium intermediate 1.2. Subsequent [3,3] aza-Cope 
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rearrangement in 1.2, followed by transannular Mannich reaction in the macrocyclic 
intermediate 1.3 afforded the bicyclic cycloheptapyrrolidine 1.4 as a single isomer. Both 
the desired quartenary (C1) and tertiary (C2) sterocenters were generated in a single step, 




Liu et al. studied the metal induced transannular electrophilic cyclization of 
cyclohexenone derivative 1.7 (Scheme 2). When the compound 1.7 was treated with 
either AlCl3 or SnCl4 for 2h at room temperature the bicyclic [4.3.1] system 1.11 was 
produced in good yield.38 The mechanism of the reaction is rationalized as cyclization of 
the terminal olefin to the activated enone system giving the cationic intermediate 1.8, 
consecutive σ-bond shifts, i.e., [1,5]-hydride shift, [1,2]-methyl shift, [1,2]-methylene 
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The cyclization of pestalotiopsin terpene framework (c.f. 1.14) was explored by acid 
catalyzed transannular oxonium ion cyclization as the key step (Scheme 3).39 The key 9-
membered macrocycle intermediate 1.13 was synthesized using the well-developed 
Nozaki–Hiyama–Kishi coupling reaction in good yield as the single diastereoisomer. 
Manipulation of the protecting groups released the key fragment 1.14. Acid induced 
transannular cyclization took place via the oxonium ion 1.15 and subsequent cyclization 
gave the tertiary carbocation 1.16, which finally delivered the pentacyclic system 1.17 in 
the presence of acid. 
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1.1.2 Anionic transannulation 
Anionic transannular processes play a major role in total synthesis endeavors to construct 
biologically active polycyclic natural products. Various methods have been explored in 
medium/large rings; however, to the best of our knowledge, no reviews covering anionic 
transannulation have appeared in the literature. An anionic transannular process will 
occur in which an anion is generated by the addition of a nucleophilic reagent or a base. 
General reactions such as Michael, Aldol and SN2 reactions have been largely explored. 
The Robinson annulation40 and other type of nucleophilic based reactions (e.g., 





































1.22 1.23  
Scheme 4 
Transannular aldol reactions on medium sized ring moieties for synthetic approaches to 
the cyclopropazulene precursors has been described by the Wege group (Scheme 4).41 
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The 10-membered ring 1.18 in the presence of CSA in toluene under reflux condition 
afforded the ketol 1.19 selectively as a fused tricyclic moiety via a regioselective aldol 
reaction. The Wege group further established the transannular aldol reaction in different 
ring systems by introducing alkyl groups on the cyclopropane 1.20 and rigidifying with a 
benzene ring attached to the macrocyclic ring 1.22 giving the single regio isomers 1.21 




Several synthetic reports have been published on the angular42 and linear triquinanes43 
using transannular cyclization processes via anionic or radical methods. West et al. 
synthesized linear triquinanes from the tricyclic system 1.28 in a cascade manner 
(Scheme 5).44 The compound 1.24 was treated with alkyllithium which resulted in acetyl 
cleavage and β-elimination generating the anionic intermediate 1.26 that subsequently 
underwent a [1,5]-H shift and transannular aldol type cyclization to give the fused linear 






Base mediated transannular cyclization reactions have been explored on macrocyclic bis-
lactams as proposed by Porco and co-workers in 2009 from kinetic isotope effect 
experiments and DFT calculations.45 Here, the 14-membered macrocycle 1.29 upon 
treatment with NaOt-Bu in DMA or THF solvent, gave two different cyclization products 
1.32 and 1.34 (Scheme 6). According to the proposed mechanism, the macrocycle 
initially converts to the anionic intermediate 1.30 after deprotonation of the bis-lactam, 
which then undergoes proton transfer (Path B) to produce the intermediate 1.31. On the 
other hand, transannular isomerization of 1.30 (path A) followed by conjugate addition 
delivers the bicyclic product 1.32, which undergoes deprotonation, isomerization and 
subsequent conjugate addition reaction in a transannular manner to generate the tricyclic 
system 1.34. In this example, two transannular anionic cyclizations take place through 






Anionic transannular cyclization is noticed to occur in the enantioselective synthesis of 
sclerophytin A by the Morken group.46 Using hydrolysis of the epoxide in the 
transannular manner as the key step, the Morken laboratories constructed the key 
fragments 1.35 and 1.36 through RCM and epoxidation methodology (Scheme 7). Base 
induced cyclization was observed when the mixture of enantiomers 1.35 and 1.36 were 
treated with LiOH, giving the intermediate 1.39 in good yield. Here, the α-isomer 1.37 
undergoes hydroxyl induced transannular cyclization, whereas the authors described that 
β-isomer 1.38 proceeds through hydrolysis of the epoxide by water. Finally, the required 






The Taylor group employed the transannular Michael addition reaction to construct the 
core of the dictyosphaeric acid (Scheme 8).47 First, they synthesized the 13-membered 
macrocycle using well-established, Grubbs-based RCM. When the macrocycle 1.41 was 
treated with NaH, the Michael addition reaction took place in a transannular fashion and 
produced the cyclization product 1.42. Subsequent hydrogenation of 1.42 afforded the 
fused tricyclic systems 1.43 and 1.44 in a 2:1 ratio respectively. 
The Michael reaction is a relatively well explored process for transannular reactions and 
several synthetic applications have been used in total synthesis context. A potent non-
alkaloid psychoactive substance and naturally occurring hallucinogen diterpene, 
‘salvinorin A’ was prepared in a transannular Michael additions by the Evans group in 
2007. In their synthesis, the 14-membered macrocyclic β-ketolactone 1.46 was closed via 
Shiina macrolactonization (Scheme 9). Bis-Michael additions in a transannular cascade 
then took place on the macrocycle 1.46 upon deprotonation by treating with TBAF 
conditions at low temperature (-78 ºC) and warming to 5 ºC to furnish the fused cyclic 






1.1.3 Radical transannular reactions 
Free radical reactions are quite common while there is extensive literature on 
intramolecular radical reactions; transannular radical reactions are typically explored only 
on macrocyclic ring structures to construct five and six membered fused polycyclic 
natural products. During the 1990’s, Patteneden et al.13,49-52 exploited transannular 
cascade radical cyclizations using vinylcyclopropanes to construct polycyclic 
frameworks. Till today, there are several reports on transannular radical cyclizations to 






Cascade radical-mediated cyclization of the iododienynone 1.50 in a transannular manner 
was recently reported by Pattenden et al (Scheme 10).53 The substituted aryl furan-
iodoynone 1.50, upon treatment with Bu3SnH-AIBN, underwent a 13-endo-dig 
macrocyclization to generate the vinyl radical intermediate 1.51. After rearranging to the 
vinyl radical 1.51 and its corresponding geometrical isomer 1.52, a 6-exo-trig cyclization 
took place in a transannular manner to generate the radical migration intermediate 1.53, 




Scheme 11  
Titanium mediated several transannular cyclization reactions have been reported in the 
synthesis of various natural products.54,55 For example, Williams et al. reported a radical 
induced transannular cyclization reaction to synthesize the diterpene xenibellol core ring 
system 1.58 in reasonable yield (Scheme 11).56 The cyclononane ring system 1.55 was 
treated with the titanium catalyst (Cp2TiCl2) to generate a tertiary radical intermediate 
(1.56) for ‘endo cyclization’ followed by hydrogen abstraction afforded the bicyclic ring 
system 1.58 of the xenibello core.  
Molander et al. studied the SmI2-mediated ketone-olefin cyclization to construct the 
bicyclic ring systems in a transannular manner (Scheme 12).57 They mainly explored 
cyclization reactions of 8, 10 and 11-membered macrocyclic ring systems comprising 
alkene and carbonyl functionality in the synthesis of bicyclic compounds with high regio, 
diastereoselectivity and in good yield. Radical transannulation of the 5-
mehtylenecyclooctanone 1.59 gave the two bicyclic products 1.65 and 1.64 in a 47:10 
ratio, respectively. The diastereoselectivity can be explained via chair like transition 
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states. The minor product 1.64, although formed, experiences unfavorable interactions 
between the methyl group and samarium alkoxides, whereas, the major product 1.65 is 





































Mechanistically, the macrocycle 1.59 generates a radical intermediate (1.60) when treated 
with SmI2 in the presence of HMPA.57 Transannular radical cyclization with the alkene 
on the ring 1.60, with concomitant reduction of the resulting bicycle 1.61 gives an 
organosamarium species (1.62) that promotes to the bicyclic system 1.65 in the presence 
of t-BuOH. 
1.1.4 Pericyclic transannular reactions 
Pericyclic reactions are concerted reactions which play a major role in natural product 
synthesis. Most pericyclic reactions are atom economical, e.g., Diels-Alder reaction. Both 
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inter and intramolecular pericyclic reactions have been largely explored in the organic 
synthesis. Among the intramolecular reaction types, the Diels-Alder reaction has a 
prominent role in the total synthesis of six membered ring systems. Besides Diels-Alder 
reactions, other kinds of cycloaddition reactions and electrocyclic reactions have also 
been applied to the construction of polycyclic fused ring systems in a transannular 
fashion, e.g., [4+3]58,59, [3+3]60, [3+2]61,62 and [2+2]63,64. 
The transannular Diels-Alder reaction (TADA) is a powerful method to construct 
polycyclic fused systems and several synthetic applications have been developed to 
construct biologically active natural products. Deslongchamps et al. has established the 
TADA reaction for various applications based on the geometries of the diene and 
dienophile units to obtain highly functionalized tricycles.2,65 In recent years, the catalytic 
asymmetric TADA reaction was developed by Jacobsen and co-workers.66 TADA is a 
largely explored reaction and occupies first place among all transannular transformations 
as evidenced by several articles and reviews during the last two decades. The major 
advantage of this reaction is the unsaturation along the chain will facilitate the 
macrocyclization of TADA precursor by minimizing conformational freedom and 























The tetracyclic unnatural diterpene aphidicolin derivative was synthesized by utilizing 
tandem transannular Diels-Alder and aldol reaction (Scheme 13). To accomplish (11R)-(-
)-8-epi-11-hydroxyaphidicolin67 the acid sensitive chloride 1.66 was prepared for the 
macrocyclization step. To study the TADA reaction, the transannular precursor 1.67 with 
a trans-trans-cis (TTC) geometry was synthesized from the linear chain intermediate 
1.66. The macrocycle 1.67 upon exposure to triethylamine in toluene under thermal 
conditions underwent tandem TADA and aldol reaction to produce the core 1.68 of epi-





An acid induced transannular Diels-Alder reaction was recently achieved by Pattenden 
and co-workers68 The furanovinylbutenolide 1.69 was synthesized using established 
RCM methods and subsequently treated with TFA/H2O to cleave the acetonide, which 
underwent a spontaneous rearrangement to generate the oxonium ion intermediate 1.71 
(Scheme 14). The oxonium ion was trapped by H2O to give the cyclic hemi-ketal moiety 
1.72, which undergoes tautomerization and isomerization to give the ene-dione 1.73. 
Subsequent transannular Diels-Alder cyclization between the diene and dienophile units 
of 1.74 followed by dehydration gave the tetracyclic system 1.75 with the generation of 
four new chiral centers in quantitative yield. 
 
Scheme 15 
Gung et al. reported the gold catalyzed transannular [4+3] and transannular [4+2] 
cycloaddition reactions between furan and allene functionality in a 14-membered 
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macrocycle 1.76.58,59 The cationic intermediate 1.81 was generated when the macrocycle 
1.76 comprising a furan ring and allene functional group was treated with a combination 
of 10% Au(I)-catalyst with the bulky ligand 1.79 and Ag(I) salt to activate the allene 
group (Scheme 15). This cationic intermediate undergoes two alternative transannular 
[4+3] or [4+2] cycloaddition reactions to give the carbenoid 1.82 and the cationic 1.83 
intermediate, respectively. These intermediates 1.82 and 1.83 then undergo [1,2]-H shift, 
[1,2]-alkyl shift and elimination of the gold catalyst to give a 1:1 ratio of tetra cyclic 
compounds 1.77 and 1.78, respectively. 
 
Scheme 16 
The [2+2] cycloaddition strategy between a ketene and carbonyl group was envisaged by 
Kobayashi and co-workers as the key transformation in the synthesis of a bicyclic 
pyroglutamic acid (Scheme 16).63 The intermediate 1.87 was first synthesized via an Ugi 
multicomponent reaction and heated with triethylamine in THF to afford a 9-membered 
transition state (1.86) in which both carbonyl and ketone groups were subjected to 
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transannular steric interactions; hence, they undergo a [2+2] cycloaddition reaction to 
provide a bridge head tricyclic system 1.89. Finally, saponification resulted in the 




A transannular electrocyclic ring closing reaction was applied to generate hetero-aromatic 
systems by the Back group in 2010.69 When stirred in acetonitrile at room temperature 
the indole-pyrrolidine 1.91 undergoes conjugated addition onto the acetylenic sulfone 
1.92 to give the zwitterion intermediate 1.93, which proceeds through an aza-Cope 
rearrangement to give 1.94 (Scheme 17). Deprotonation of 1.94 gives 1.95, which 
subsequently undergoes an anionic disrotatory 6π-electrocyclization to furnish the 




1.1.5 Other transannular reactions 
 
Scheme 18 
The enantiospecific total synthesis of Rhazinilam was reported Zakarian et al.70 They 
used Pd-catalyzed transannular cyclization as the key transformation. The intermediate 
1.97 was synthesized via Mukaiyama macrolactamization (Scheme 18). Metal-halogen 
exchange was achieved in the macrolactam 1.97 with Pd(PPh3)4 catalyst. Subsequent 
transannular cyclization occurred in an enantiospecific manner and reductive elimination 
afforded the core structures 1.100 of the natural product. Finally, hydrogenation of 1.100 
delivered rhaziniliam (1.101) in quantitative yield. Here the transannular cyclization 







Yang et al. introduced a transannular reductive cyclization reaction to synthesize 
complex cyclic hemiketals enantioselectively in their synthesis towards iriomoteolide-1a 
1.104 (Scheme 19).71 The macrocycle 1.102 with allyl iodide was synthesized using 
RCM. Metal halogen exchange with SmI2 then initiated a transannular reductive 
cyclization to furnish the 2-hydroxypyran72 ring motif 1.103 selectively within the 
macrocycle. The cyclic hemiketal moiety 1.103 was then transformed to the diasteromer 





Trost et al. used a transannular cyclization to introduce a THP ring within a complex 
macrocycle using gold catalyst.73 The key macrocycle 1.105 was synthesized using an 
unprecedented alkyne-alkyne Pd-coupling step (Scheme 20). In the presence of cationic 
gold catalyst [AuCl(PPh3)], the alkyne group of 1.105 underwent cyclization to give the 
THP compound 1.107. Due to the acidic nature of the catalyst, the authors noticed 






Lastly, a SmI2 mediated reductive coupling reaction in a transannular fashion has been 
reported for the 8-membered diketones 1.108 via the transition state 1.109. This gave the 
C2-symmetric tricyclic diol adduct 1.110 in quantitative yield (Scheme 21).74 
In conclusion, different types of cationic, anionic, radical, pericyclic, and other 
transannular cyclizations employed in the synthesis of polycyclic natural products are 
introduced. Among those, Diels-Alder, Aldol, Michael, and radical reactions have been 























1.2 Strategic applications of transannular cyclizations  
After thorough investigation of comprehensive of literature sources and in parallel to our 
group’s transannular explorations, we intended to explore some applications in 
manipulating macrocycle, in a transannular fashion. To this end, I chose to study diverse 
applications such as enyne metathesis,75,76 [2+2] cycloaddition77-79 and Danheiser 
annulation80,81 processes to construct polycyclic systems from a common intermediate in 
a transannular mode (Scheme 22). Here, I designed a common 11-membered macrocyclic 
intermediate 1.111 with desired functional groups for future study.  
In the first case, the intermediate 1.111 in the presence of a metathesis catalyst would 
undergo transannular enyne metathesis reaction to give butadiene system 1.112.  
Alternatively, acetonide deprotection from the intermediate 1.111, allene formation82 to 
1.113, subsequent alcohol protection as its corresponding triflate and eventually a 
photochemical [2+2] cycloaddition would result in a tricyclic system 1.114 akin to the 
natural product framework of biyouyanagain A83 (1.117).  
Lastly, converting the common intermediate 1.111 to the macrocyclic allyl silane84 1.115 
would allow the study of Danheiser annulation80,81. Lewis acid promoted transannular 
Danheiser annulation of 1.115 would result in the formation of the tricyclic core 1.116 
with cyclopentanone as the central ring, which is the frame work of linear triquinane43 






















































The key macrocyclic intermediate 1.111 would be constructed by convergent SN2 
reaction between the terminal alkyne derivative 1.120 and alkyl halide fragment 1.119 
(Scheme 23). Functional group transformation to give the linear precursor to the 
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macrocycle 1.118 and subsequent NHK macrocyclization85 would furnish the desired 
intermediate 1.111. 






p-TSA promoted acetalization of vicinal alcohol with 2,2-dimethoxypropane and in situ 
esterification of L-tartaric acid 1.121 in methanol/cyclohexane (1:4 v/v) under reflux 
conditions gave the desired acetal diester 1.122 in 75% yield (Scheme 24). Attempts to 
reduce the diester 1.122 using LiAlH4 suffered from diminished yields. The alternative 
reduction of 1.122 by NaBH4 (3 eq) in THF smoothly furnished the diol in 70-75% yield. 
Mono-benzylation was achieved by using stoichiometric reagents to give 1.123 in good 
yield, that was oxidized to its aldehyde under Swern condition.  
Here, aldehyde isolation suffered from epimerization of the adjacent C2-chiral center via 
enolization. Hence, without purification, the crude aldehyde was treated with the Wittig 
salt (2-methoxy-2-oxoethyl)triphenylphosphonium bromide (MeO2C-CH2-PPh3Br) in the 
presence of triethylamine as base to furnish homologated α,β-unsaturated ester 1.124 as a 
(1:3) mixture of Z and E isomers, respectively.  
Palladium catalyzed hydrogenation in methanol selectively reduced the alkene in 
preference to debenzylation, and subsequent reduction of the ester with LiBH4 at 0 ºC-RT 
gave the alcohol 1.125 in 70-75% yield. The alcohol was silylated with TBSCl, and 
subsequent debenzylation of 1.126 with Pd/C under hydrogen atmosphere occurred with 
concomitant TBS cleavage.  
Hence, the benzyl group in 1.126 was deprotected by hydrogenolysis with Pd/C/H2 to 
obtain the diol 1.127 in 85% yield, then the distant C6-primary alcohol in 1.127 was 
preferentially protected with TBSCl to give 1.128 in 65% yield, during which 30% of the 
doubly silylated alcohol 1.129 was also isolated.  
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I intended to homologate C1-primary alcohol to terminal alkyne by Corey-Fuch 
alkynylation. Here, attempts by step wise oxidation of the primary alcohol followed by 
treatment of the crude product to pre-mixed CBr4/PPh3 were unsuccessful to give 
dibromide 1.130. 
Therefore, a one pot (sequential) Swern and Corey-Fuch transformation86,87 protocol was 
chosen (see Appendix C for experimental procedures). With this modified method, the 
desired homologated terminal dibromo product 1.130 was obtained in 68% yield. Finally, 
the dibromide product 1.130 was converted quantitatively to the terminal alkyne 1.120 
with n-BuLi (1.5 eq) which is the right fragment of the macrocycle (c.f. Scheme 23). 








Entry Scale (1.138) Reagent(s) Remarks 
1 80mg n-BuLi SM recovered 
2 50mg n-BuLi, DMSO SM recovered 
3 50mg LDA No reaction 
4 50mg LDA, TBAI No reaction 
 
The left fragment 1.119 was synthesized from commercially available 3-bromo-propanol 
1.131 by THP ether protection (Scheme 25).  
With both the building blocks in hand, attempts were made to join them together by SN2 
substitution of alkyl bromide 1.119 by the acetylide of 1.120 (Scheme 25). n-BuLi and 
LDA were chosen as bases for the coupling reaction (Table 1). Unfortunately, both bases 
failed to mediate coupling even with the addition of DMSO (entry 2) or TBAI (entry 4). 
Modification of the left fragment from halide 1.119 to aldehyde 1.132 was also found to 
be unfruitful for coupling with the alkyne 1.120. It is possible that the alkyne group gets 
blocked with the methyl groups of acetonide.  
This synthetic work of my M.Sc. was dropped due to personal reasons and my focus 
turned to theoretical ab-initio DFT studies on most feasible macrocycle formation and 
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2.1 Computational methods 
Computational chemistry may be defined as the applications of mathematical methods, 
molecular mechanics and quantum mechanics to chemical systems. Molecular modeling 
can be used to calculate the structure and properties of the molecular systems such as 
dipole moments, vibrational frequencies, spectroscopic and reactivity. Molecular 
mechanics (MM) is an empirical method that applies the laws of classical physics to 
model molecular nuclei without precise consideration of the electrons to predict the 
chemical properties of the molecules; thus, potential energy functions can be calculated 
using chemical forces (force field).1 It can be used for both small, large 
biological/molecular systems. Molecular mechanical methods include MM2 and MM3 
calculations,2 which are computationally least expensive but not accurate due to an 
inability to model issues such as chemical reactions and they will not consider the 
electrons and the orbitals in the model; hence, MM2/3 calculations are not useful in the 
prediction of chemical reactivity. 
Quantum mechanics considers both nuclei and electrons, which mainly depends upon the 
Schrödinger equation H Ψ(r, R) = E Ψ(r, R) to describe a molecule with explicit 
treatment of electronic structure. These methods are generally computationally intensive. 
Theoretical calculations such as ab initio,3,4 density functional theory (DFT)5-8 and semi-
empirical9 are useful to predict the synthetic routes of the naturally active drug molecules 
and these methods range from highly accurate to very approximate.  
Ab-initio translated from Latin means “from first principles”; a group of methods3,4 in 
which molecular structures can be calculated using time independent non-relativistic 
Schrödinger equation H Ψ(r, R) = E Ψ(r, R) for the electronic structure of a broad range 
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of molecular systems, including small systems (tens of atoms), stable molecules, reactive 
intermediates and transition states, with very high accuracy. The Ab-initio methods10 are 
computationally expensive; even though it has the advantage to gain accurate solutions in 
most systems and these methods generally need a defined level of basis set. 
2.1.1 Hatree-Fock calculation (HF) 
Hartree-Fock (HF) is the most common ab-initio calculation to determine the ground 
state wavefunction of molecular systems Ψ(r, R). The HF method is generally used to 
solve the time independent Schrödinger equation H Ψ(r, R) = E Ψ(r, R). This method 
considers several approximations for many-body systems, which includes the Born-
Oppenheimer approximation. In this primary approximation, the movement of the 
electrons and nuclei of the molecular system are independent. 
Ψtotal = ψelectronic × ψnuclear 
Another important approximation is the single particle approximation. Standard 
electronic structure methods approximate the total wavefunctions of the molecular system 
into the product of the single-electron wavefunctions. The effect of HF theory describes 
that the each electron in a molecule as moving in the average electric field generated by 
the other electron and nuclei. That means the Columbic repulsions among electrons are 
not explicitly taken into consideration; however, their average effect is included in the 
calculation.  
Variational calculation of HF theory implies that the approximate energies calculated are 
all equal or greater than the exact energy; and, based on the size of the basis set, we can 
determine the accuracy of the calculation.11 The basis set is the set of functions to expand 
 38 
 
the molecular orbitals as a linear combination of atomic orbitals. Energy and 
wavefunction of the HF method tend to limit with an increasing basis set, which is known 
as the Hatree-Fock limit, meaning that HF calculation energies are always greater than 
the exact energy with an increasing basis set. Hence, several correlation methods have 
been developed to correct electron-electron repulsion, which include ‘relativistic’ and 
‘spin orbit’ terms for heavy atoms. This approach includes one-electron wavefunction by 
taking the linear combination of Slater determinants, and several coefficients of the 
configurations need to be optimized. Electron correlation methods includes multi-
configuration self-consistent field (MCSCF) and Møller-Plesset perturbation theory, e.g., 
MP2, MP3 (MPn) methods based on single reference wavefunctions. 
2.1.2 Basis Sets 
A basis set is a group of mathematical functions, i.e., a linear combination of atomic 
orbital (LCAO) functions used to describe the shape of the orbitals in a molecule. Each 
basis set is a different group of constants used in the wavefunction of the Schrödinger 
equation: 
H Ψ(r, R) = E Ψ(r, R) 
Generally these atomic orbitals are Slater orbitals (STOs). Later these orbitals have been 
replaced by Gaussian orbitals (GTOs). GTOs are the functions used as atomic orbitals in 
LCAO method for computation of electron orbitals in molecules. It is easier to calculate 
overlap integrals with Gaussian basis functions rather than with Slater orbitals (STOs). 
Today, hundreds of basis sets are composed of GTOs.  
The accuracy of a calculation depends upon the computational method of the molecular 
model and the type of basis set applied to it. Once again, there is a trade-off between 
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accuracy and time. Generally the larger basis sets describe the orbitals more accurately 
but it will take a longer time to solve. 
Commonly used basis sets are STO-3G, 3-21G (improves flexibility), 3-21G(d) or 3-
21G* (polarized basis set that improves accuracy by adding the shape of the orbital with 
angular moment), 6-31G(d) or 6-31G* (polarized) and 6-31+G(d) (diffuses the basis set 
by adding ‘diffuse functions’ to heavy atoms). 
2.1.3 Density Functional Theory (DFT) 
The DFT methods are also ab initio methods used to determine the molecular electronic 
structure by predicting the ground state energy and properties of the molecule. These 
methods have relatively low computational cost and include a significant (though as yet 
unspecified) amount of dynamic electron correlation.12 DFT methods are universally 
applicable to all molecular systems including transition metal complexes and give results 
more accurately. Hence, the DFT method is the leading method for electronic structure 
calculations in computational chemistry.  
In a DFT method, the total energy is expressed in terms of the total electron density 
rather than as a wavefunction and the novelty of DFT is problem solving Schrödinger’s 
many-particle equation, which can be reduced to a set of effective single-particle 
equations that leads to an approximate effect for the model Hamiltonian and to an 
approximate expression for the total electron density.13 DFT methods include the 
combination of density functional methods, exchange functional methods (with Hartree-
Fock exchange) and hybrid functional methods (approximations to exchange and 
correlation energy for electrons) such as LDA (local density approximation) gives more 
accurate results. Becke’s three-parameter hybrid method with the Lee, Yang, and Parr 
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correlation functional (B3LYP) is a well-known DFT method and other exchange 
functional DFT methods include LSDA, B3PW91 and MPW1PW91.14 
2.2 Types of calculations 
Due to limited computational resources, only lower-level correlation methods with a 
limited basis set are applicable to most molecules. Several computational models have 
been developed to determine thermodynamic information such as total energy, free 
energy, and enthalpy values, as well as physical properties such as dipole moment, 
electron density, bond length, bond angle and dihedral angle. All the results are 
accomplished with more accuracy and less computational efforts. The most general type 
of calculation includes: 
 Single point energy estimation 
 Geometry optimization  
 Frequency calculations 
 NMR prediction 
 Reaction pathway prediction 
Single point energy calculation is generally used to find physical properties such as the 
dipole moment and electron density. In geometry optimization, the geometry will be 
adjusted until a stationary point on the potential surface is found and optimized to a local 
minimum. It will be carried out to find out the shape of the molecule and will find the 
stability of the molecular system. HOMO-LUMO eigen-values for low energetic systems 
can be determined from this kind of calculation. Transition states can be located by 
geometry optimization by including the commands QST2 and QST3. These kinds of 
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calculations are very useful to the synthetic chemists before performing any 
experiment.15-17  
Frequency calculations predict the force constants in order to give vibrational frequencies 
and also compute the intensities. In the frequency calculations Zero-point energy 
correction, total energy, enthalpy and Gibbs free energy could be obtained. This kind of 
calculation is generally used to compare or confirm the experimental data in organic 
synthesis such as for asymmetric catalysis18 (enantiomeric excess) and isomerization 
reactions.19 
The NMR results of organic molecules (e.g., chemical shifts) can be predicted by 
computational calculations using HF, MP2 and DFT methods; several reports have been 
documented to determine the spectroscopy of the complex molecules such as the 
cembranoid diterpenes.20-22 For this kind of calculation, first the molecule needs to be 
optimized and then the NMR calculation is performed using a large basis set to reach 
accurate results. From the output, we can determine the various coupling constants 
including spin–spin coupling constants. 
Reaction pathways can be determined by using computational calculations with most 
advanced IRC methods. From this type of calculation, it is easy to predict the mechanism 
of the reaction and the transition state of the reaction. Here, the geometry gets optimized 
at each point to the local minima along with the reaction path between any two adjacent 
points. Several reports have been published to locate the transition state and reaction 
mechanism of the reactions in organic synthesis, e.g., cycloaddition, rearrangement, 
transition metal catalyzed reactions.23-25 
 42 
 
2.3 Gaussian calculation 
Pople et al. established the most widely used Gaussian software to establish molecular 
models in most computational programs.26-29 In my study, Gaussian 0930 software is used 
to analyze the stable energy and thermochemistry properties of the reaction. The typical 
models are composed of the following basic key factors. 
 Geometry optimization using ‘opt’ command 
 Frequency for calculating zero-point vibrational energy thermochemistry 
properties using ‘freq’ command 
 Choosing computational method e.g. HF, DFT 
 Choosing hybrid functional method e.g. B3LYP 
 Choosing right basis set e.g.6-31G(d) 
Including all the above factors in the Gaussian input file along with molecular 
coordinates, the operator can run our jobs using Gaussian 09 software.30 
2.4 Introduction to Bielschowskysin 
The octocoral fauna of West Indies is unique in its profusion of gorgonian corals. These 
octocorals are rich in producing acetogenins, prostanoids, sesquiterpenoids, diterpenoids 
and steroids that are largely unknown from terrestrial sources. Natural products isolated 
from these animals show significant antimalarial, anti-inflammatory, analgesic, and 
anticancer activities.31,32 The complexity and biomedical potential of these natural 
products are attracting synthetic chemists to establish novel, practical and diverse 
synthetic methods.33 Their study has resulted in numerous pharmacological discoveries 




2.4.1 Bielschowskysin isolation and structural analysis 
Bielschowskysin (2.1), (32.9 mg, 0.024%) was isolated as a colorless solid by Abimael 
D. Rodríguez et al. from 1.07 kg of animal specimens of Pseudopterogorgia kallos 
collected from the Old Providence Island Coast off Colombia.34 The relative 
stereochemistry of the tricyclic [9.3.0.0] tetradecane ring system of bielschowskysin has 
been enlightened on the basis of spectroscopic and single X-ray crystallographic analysis 
(Fig 1). 
   
Fig 1: X-ray crystal structure of 2.1 
 
The molecular ion peak at 374.1368 of gorgonian-derived biologically active diterpene 
bielschowskysin (2.1) determined by HREIMS analysis indicated the molecular formula 
to be C22H26O9 with an anticipated 10 degrees of unsaturation. IR spectrum revealed the 
presence of hydroxyl, ester, olefin and lactone functional groups. The connectivity of 
hexacyclic natural diterpene bielschowskysin has been determined by NMR analyses 
including 1H, 13C, 1H-1H COSY, NOESY, HMBC, HMQC and DEPT experiments. The 
relative stereochemistry of the 10 chiral centers in the highly strained, fused, polycyclic 
diterpene 2.1 has been elucidated using NMR NOESY and NMR coupling constant data 
and assigned to be (1S*,2S*,3S*,6S*,7S*,8S*,10S*,11S*,12R*,13R*).34 
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This intriguing hexacyclic diterpene comprises a dihydrofuran, a transfused lactol with an 
exo-methylene group, a γ-lactone ring with S-configuration at the oxygen, and a 
cyclobutane distributed by transannular bonds across the molecule that divides the 
furanocembrane skeleton into a fused polycyclic framework; 11 stereogenic centers 
containing 4 quaternary stereo-centers, 5 tertiary stereo-centers, and 2 secondary stereo-
centers. 
In terms of biological activity, bielschowskysin displays antiplasmodial (antimalarial, 
IC50 = 10 µg/mL) activity against Plasmodium falciparum, as well as strong anticancer 
activity against human lung (EKVX, GI50 < 0.01 µM) and renal (CAKI-1, GI50 = 0.51 
µM) cancer cell lines. 
2.4.2 Related molecules and Biosynthesis 
Bipinnatin K (2.2), ciereszkolide (2.3) and verrillin (2.4) are a few other complex, highly 
oxygenated furanocembranoid metabolites that have been isolated from the same 
gorgonian octocoral species, Pseudopterogorgia kallos (Fig 2). These share common 
features with bielschowskysin such as a 2(3H)-furanone and a five membered ketal. 
Verrillin and bielschowskysin possess additional transannular bonds, thus forming a 




Fig 2: Related diterpene natural products to bielschowskysin 
Rodríguez et al. proposed that these cembranoid diterpenes are structurally related 
through additional transannular bond formations. Further rearrangement of the 
fundamental skeletal motifs evolves into new category of natural products (Scheme 
1).33,34 The biosynthesis of the bielschowskysin is proposed to originate from cyclization 
of the geranylgeranyl diphosphate (GGPP) to a cembrane macrocycle (Scheme 1). 
C7→C11 cyclization of cembrane 2.6 affords the bicyclic motif verrillane (2.7); 
subsequent C6→C12 bond formation delivers a [5-4-9] fused cyclic system of the 




Scheme 1: Biosynthetic origin of bielschowskysane skeleton (2.8) 
 
2.4.3 Proposed retrosynthesis 
The unavailability of adequate amounts of the biologically active natural compound and 
the intriguing polycyclic skeletal structure has attracted the synthesis community to set up 
new methods to allow access to the natural product and its analogues. To this end, a bio-
mimetic synthesis of the antimalarial agent bielschowskysin (2.1) focusing predominantly 
on transannulation methods are being explored in our group.35 
After careful observation of the structural and functional features of the targeted 
molecule, with a broad understanding of literature sources, the retrosynthetic route of the 
bielschowskysin (2.1) framework is proposed via a transannular [2+2] cycloaddition 
between allene C7-C6 and butenolide C11-C12 double bonds as the prime key step. 
Conformational flexibility, steric-orientation of appendages and suitable functional 
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groups are key determining factors for a successful transannulation and modifications 
there-after. Therefore, construction of the appropriate macrocyclic intermediates 
2.11/2.14 is anticipated as the major challenge in order to achieve the desired 
transannulation. 
Hence, key structural motifs taken into account for the strategic synthetic scheme based 
on a transannular [2+2] cyclization are: 
 Butenolide (or γ-lactone) 
 Allene 
 Sprirocyclic furan and fused anti-lactol 
 macrocycle 
 fused polycycle (post-transannulation stage) 
The above mentioned points do not represent the priority order; however, they would be 
key governing factors to evolve a successful synthesis. 
Thus, two alternate synthetic routes have been proposed to synthesize the diterpene 
bielschowskysin (Scheme 2). Both methods converge at the transannular [2+2] 
cycloaddition between double bonds of an allene and a butenolide to frame the 





Scheme 2: Proposed retrosynthetic routes to bielschowskysin (2.1) 
Path A:  
The key [5-4-9] fused cyclic frame work 2.10 of the target natural product is envisaged to 
be constructed via a transannular [2+2] cycloaddition (Scheme 2). The allene-butenolide 
units located at opposite ends of the macrocycle undergo a [2+2] cyclization to install the 
cyclobutane nucleus. A [4+2] cycloaddition of the conjugated diene 2.10 with singlet-
oxygen would be brought about to form an endo-peroxide 2.17 that would subsequently 
be transformed to the dihydrofuran 2.9. A crucial part of this scheme is to form an 
appropriate 14-membered macrocycle 2.11 with the possibility of a later stage 
functionalization. As such, macrocyclization is planned to be achieved using powerful 
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contemporary methods, e.g., ‘RCM’ from the linear ‘diene’ precursor 2.12. Subsequent γ-
lactone installation in the macrocycle by means of oxidation and concomitant 
lactonization would furnish the desired macrocycle. 
Another important functionality in the proposed synthetic scheme is the allene moiety. 
Synthetic methods tolerant of allenes during metathesis conditions are not fully 
understood; the time of allene installation would be important to co-ordinate without 
interference with other reactions. Therefore, allene formation was perceived either to 
precede or to succeed the RCM. The diene could be made-up from the standard C-C bond 
coupling between alkyne and aldehyde building blocks. 
Path B: 
Holding [2+2] transannular cycloaddition again as an essential synthetic element, the 
synthesis would be designed using alternative methods. This strategy would feature the 
following key steps (Scheme 2) 
 Intramolecular cyclization (SN2') for spiro-cyclic dihydrofuran ring formation in 
the macrocycle 2.13 
 Transannular [2+2] between double bonds of allenone and butenolide in the 
macrocycle 2.14 
 Ce-mediated acetylide addition for macrocyclization  
 Early stage butenolide construction followed by converging the building blocks 
2.15 and 2.16 
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Taking the above factors into account, this synthetic route would feature a transannular 
[2+2] cycloaddition guided macrocyclization as the key step. These analyses clearly 
create interest on detailing the conformational study of bielschowskysin.  
2.5 Computational Information 
In order to reach high accuracy, I mainly used the explicit, computationally less 
expensive DFT method, Becke’s three-parameter hybrid method with the Lee, Yang, and 
Parr correlation functional methods (B3LYP), and the 6-31G(d) basis set. All calculations 
were performed at room temperature, 297K. The geometry optimization was used for 
identifying the stable conformation and geometry orientation of the complex 
intermediates. Frequency values and all free energy values for both reactants and 
products were computed to predict energy and conformational preferences of the 
intermediates and the thermodynamic/kinetic feasibility of the key reactions in the 
synthesis of the target molecule, bielschowskysin (2.1). 
2.6 Transannular [2+2] cycloaddition 
Formation of the [2+2] adduct is the major key step in the synthesis of bielschowskysin. 
Hence, two different macrocycles to construct the [5-4-9] fused cyclic system were 
chosen, i.e., macrocyclic allene and macrocyclic allenone systems 2.11 and 2.14 
respectively. The [2+2] cycloaddition can be either concerted or step-wise depending on 
its structural composition and functional environment. Particularly, in the transannular 
fashion, prevailing uncertainty over allene regioselectivity35,36 in the [2+2] reaction is a 
key issue to address. Hence, the influencing factors of the transannular [2+2] reaction 
would be steric and/or conformational-strain of the macrocycle; the dihedral angle and 
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the distance between reacting partners; and the steric configuration and regioselectivity of 
the allene unit. 
2.6.1 Conformational study on allenone [2+2] cycloaddition 
All calculations were carried out using Gaussian 09 for Linux from ‘atlas5.nus.eud.sg’ 
and ‘atlas3.nus.edu.sg’ clusters. DFT, B3LYP, 6-31G(d) calculations were performed at 
room temperature (297K) and all geometry optimized structures were converged to a 
local minimum.  
The stereochemistry of the allenone was taken as a key element in the bielschowskysin 
synthetic plan, which would influence the transannular [2+2] cycloaddition reaction to 
install the cyclobutane ring in the macrocycle to construct the [5-4-9] fused cyclic 
systems (Scheme 3). Each possible isomer of the macrocyclic allenone 2.14, annulated 
pentacyclic product 2.13 were optimized to a stable conformation and converged to their 
local minimum by frequency calculation and energy, enthalpy and free energy values 
were determined. 
 
Scheme 3: Allenone [2+2] cycloaddition 
2.6.1.1 Total energy of allenone macrocycle 
To determine the priority of the double bonds participating in the [2+2] cycloaddition 
reaction, firstly the macrocyclic allenone intermediate was optimized to the more stable 
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conformation (Fig 3). The allene carbons C7-C6-C5 in the local minimum confirmations 
deviate slightly from a regular linearity and bend to 173.2° for 2.14a and 175.2° for 
2.14b. The spatial distance between atoms of these two double bonds was analyzed for 
both diastereomeric allenones. C11 and C7 carbons are located apart by 3.562 Å and the 
C12-C6 distance is 4.57 Å in 2.14a. For the other isomer, 2.14b possesses a distance of 
3.85 Å between C11 and C7, and 4.5 Å between C12 and C6. The shortest distance in 
2.14a between C11 to C7 would presumably allow a [2+2] reaction obeying the rule of 
five (Table 1).  
 
Scheme 4: [2+2] cycloaddition of allenone macrocycles 2.14a, 2.14b 





1 2.14a 173.2° 3.56 4.57 
2 2.14b 175.1° 3.85 4.5 




Geometry optimization was performed by using Gaussian 09 software. ‘R’ and ‘S’ 
configurations of macrocyclic allenones 2.14a and 2.14b respectively, give a total energy 
at -839916.951, -839916.594 kcal/mol, respectively; i.e. energy of both macrocycles are 
almost same, and varying only by 0.35 kcal/mol (Table 2). Fig 4 illustrates the relative 
energy of the allenone macrocycles. 
 
2.14a-(6S) 
Erel = 0.00 kcal/mol 
 
2.14b-(6R) 
Erel = 0.35 kcal/mol 
 
2.13a-(Z-Δ3,4) 
Erel = 0.00 kcal/mol 
 
2.13b-(E-Δ3,4) 
Erel = 5.36 kcal/mol 





Fig 4: Relative energies of macrocyclic allenones 2.14a/b 
 
Entry Conformer ZPE (Hartree) 
Energy (E) 
(kcal/mol) 
1 2.14a 0.393202 -839916.951 
2 2.14b 0.393547 -839916.594 
3 2.13a 0.395713 -839927.989 
4 2.13b 0.396587 -839922.631 
Table 2: Total energy values from DFT, B3LYP, 6-31G(d) at 297K 
2.6.1.2 Total energy of [2+2] adducts 
The [2+2] cycloaddition reaction may be either a concerted or stepwise reaction via 
radical intermediates. Therefore, two products 2.13a/2.13b can be possible with either an 
E or Z-Δ5,6 double-bond (Scheme 4). Hence, conformational analysis was carried out on 
both possible products. Their energies are -839927.989, -839922.631 kcal/mol for [2+2] 
adducts having Z-Δ5,6 2.13a, E- Δ5,6 2.13b, respectively. This difference indicates that the 
















2.6.1.3 Free energy change in [2+2] cycloaddition 
The macrocyclic allenones 2.14a and 2.14b can give a pentacyclic adduct 2.13a with 
both ΔG -9.09, -9.52 kcal/mol; and ΔH values -11.04, -11.39 kcal/mol respectively 
(Table 3). The energy of the product 2.13a is lower than the energy of reactants (2.14a or 
2.14b), however, the free energy difference in the formation of 2.13a from macrocycle 
either 2.14a or 2.14b is about the same (Fig 5). Hence, both isomers may deliver the 
same desired [2+2] adduct 2.13a in good yield. The isomer 2.13b can be formed from 
2.14a/b with ΔG values -3.65, -3.22 kcal/mol and ΔH values -6.04, -5.68 kcal/mol 
respectively, but 2.13b has a higher ΔG than the more stable Z-Δ5,6 isomer 2.13a (Table 
3).  
Entry Compound 









1 2.13a -9.09 -11.04 -9.52 -11.39 
2 2.13b -3.65 -6.04 -3.22 -5.68 






Fig 5: Relative energy and free energy difference of [2+2] cycloaddition of macrocyclic 
allenone 
2.6.2 Conformational study on conjugated Allene [2+2] cycloaddition 
The key transformations in the Bielschowskysin synthetic plan are a transannular [2+2] 
cycloaddition reaction to install the cyclobutane ring within the macrocycle and a 
subsequent [4+2] cycloaddition of the conjugated double bonds with molecular oxygen to 
accomplish an endo-peroxide, which would be converted to dihydrofuran moiety. 
The key issues to take into account are 
 Stereochemistry of the C5-C7 allene 
 Geometrical orientation of C3-C4 trisubstituted double bond 
Keeping such factors in consideration, we populated different combinations of the 
macrocyclic isomers 2.11 by varying the allene and double bond stereochemistries 


















Scheme 5: [2+2] cycloaddition of macrocyclic allene 
The minimum energy conformer of each isomer allows us to know the steric orientation 
of the reacting centers in the [2+2] cycloaddition reaction. This eventually allows the 
identification of the relatively stable conformation of each diastereomeric [2+2] precursor 
2.11 with a defined geometry at Δ3,4 and defined allene stereochemistry at C5-C7.  
2.6.2.1 Total energy of macrocyclic precursor 
Diastereomeric allenes with E-Δ3,4 (2.11a, 2.11b) and Z-Δ3,4 (2.11c, 2.11d) will 
presumably display different macrocyclic strain, steric disposition of reacting centers, and 
so forth. To determine the priority of the double bond for an efficient [2+2] cycloaddition 
reaction, the macrocyclic allenone intermediate was first optimized to its more stable 
conformation. The minimized energy conformations are shown in Fig 6. Allene carbons 
C7-C6-C5 at local minimum conformations deviate slightly from regular linearity by 
bending to 177°, 176.5° in macrocycles 2.11a and 2.11c, respectively. The macrocycles 
with ‘R’ stereochemistry of allene along with E-Δ3,4 or Z-Δ3,4 position 2.11b and 2.11d 
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bends to 174.3°, 179.2°, respectively. The allenyl double bond (C7-C6) and butenolide 
double bond (C11-C12) are slightly orthogonal to each other in all 4 conformations 
2.11a, 2.11b, 2.11c and 2.11d. Spatial distance between atoms of these two double bonds 
was analyzed for all isomers. The C11-C7 and C12-C6 distances are tabulated in Table 4. 
The shortest distance between C11-C7 and C12-C6 in 2.11d (entry 4) is more likely to 











1 2.11a 177° 3.59 4.59 
2  2.11b 174.3° 3.89 4.51 
3 2.11c 176.5° 3.93 4.62 
4 2.11d 179.2° 3.53 3.89 
Table 4: Bond length and bond angles obtained from DFT, B3LYP, 6-31G(d) at 297K 
 
2.11a-(6S) 
Erel = 7.58 kcal/mol 
 
2.11b-(6R) 
Erel = 8.24 kcal/mol 
 
2.11c-(6S) 
Erel = 0.00 kcal/mol 
 
2.11d-(6R) 







Erel = 42.26 kcal/mol 
2.10b 
Erel = 14.34 kcal/mol 
 
2.10c 
Erel = 10.93 kcal/mol 
 
2.10d 
Erel = 0.00 kcal/mol 
Fig 6: Geometry optimization by DFT, B3LYP, 6-31G(d) at 297K 
Total energy values for each isomeric macrocyclic conjugated allene were determined at 
local minimum by DFT calculation. The comparative study indicates that the energy 
difference is diverse among the diene configurational isomers. The energy difference 
ranges between 0.66-8.2 kcal/mol (Fig 6, Fig 7 and Table 5). The trisubstituted olefin 
(C3-C4) in ‘Z’ configuration along with S-allene 2.11c is found least energetic (-
866695.848 kcal/mol) and thus more stable (entry 3, Table 5); whereas Z-Δ3,4 with R-
allene 2.11d is -866689.865 kcal/mol (entry 4, Table 5), which is relatively less energetic 
by 6.2 kcal/mol than the more stable isomer 2.11c. On the other hand, E-Δ3,4 with either 
‘R’ or ‘S’ allene containing macrocycles 2.11a, 2.11b are almost the same energetically, 












Fig 7: Relative energies of macrocyclic conjugated allene 
Entry Conformer ZPE (Hartree) Energy (E) (kcal/mol) 
1 2.11a 0.475434 -866688.265 
2 2.11b 0.476024 -866687.604 
3 2.11c 0.476369 -866695.848 
4 2.11d 0.475780 -866689.865 
5 2.10a 0.478772 -866667.887 
6 2.10b 0.478440 -866695.803 
7 2.10c 0.479027 -866699.214 
8 2.10d 0.478385 -866710.147 
Table 5: Total energy values obtained from DFT, B3LYP, 6-31G(d) at 297K 
 
2.6.2.2 Total energy of [2+2] adduct 
The precise mechanism of [2+2] cycloaddition can be either concerted or stepwise. 
Importantly, the conformational strain in the macrocycle is further conceived to influence 
the pathway of the [2+2] cycloaddition reaction. If the [2+2] addition at the desired 
location follows a stepwise path, depending upon strain requirements, one of the radicals 















inversion ultimately leads to one of the specific geometry of tetrasubstituted double bond 
(C5-C6) in the product, regardless of the original allene geometry in the precursor. 
Hence, it is uncertain to confirm the resultant geometry of the conjugated double bonds in 
all possible cycloaddition products. 
 
 
Scheme 6: Conjugated allene [2+2] cycloaddition 
 
The possible transition states 2.18a and 2.18b for the formation of 2.10 from the 
conjugated allene macrocycles 2.11 are shown in Scheme 6. 
Conformational analysis was carried out on the fused, hexacyclic core product 2.10 to 
determine the minimum energy conformer for each isomer by varying the geometry of 
the C3-C4 and C5-C6 double bonds with respect to configuration, i.e., the conjugated 
double bonds were changed to ‘E’ and ‘Z’ isomers 2.10a (EE), 2.10b (ZE), 2.10c (EZ), 
2.10d (ZZ). Minimum energy values and frequency values were calculated for all 
diastereomers using ab intio DFT, B3LYP method under the 6-31G(d) basis set. 
Surprisingly, the energy values in Table 5 show that the isomer with a Z-geometry at both 
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double bonds (2.10d) is more stable (-866710.147 kcal/mol) than all its ‘E’ antipodes 
(entry 8). Such energetic favor was substantiated by the adaptation of the 9-membered 
macrocycle into a twisted-chair conformation.37 On the other hand, the isomer with a E-
configuration at both olefins 2.10a is higher in energy (entry 5, Table 5). Energetically, 
the remaining two isomers 2.10b and 2.10c lie between these two isomers with -
866695.803, -866699.214 kcal/mol respectively (entry 6, 7; Table 5). 
2.6.2.3 Free energy change in [2+2] cycloaddition 
Free energy differences were calculated from the results obtained in the DFT frequency 
calculations. The free energy, enthalpy values obtained for the reactants and the products 
were noted, and the free energy (ΔG) change was determined by the following formula. 
ΔG = Gproduct - Greactants 
Formation of 2.10a with a E-geometry at both olefins from macrocycles 2.11a, 2.11b has 
a +ve ΔG value (entry 1, Table 6). The other isomer 2.10b with Z-Δ5,6, E-Δ3,4 has a –ve 
ΔG of the order of -3.9 and -5.86 from 2.11a, 2.11b respectively (entry 2, Table 6). Thus, 
the formation of the [2+2] adduct 2.10b is relatively more favorable from the E-Δ3,4 





Scheme 7: [2+2] cycloaddition of allene macrocycle with EC3-C4 olefin 
 
Entry Compound 









1 2.10a 24.1 20.38 22.14 19.71 
2 2.10b -3.9 -7.54 -5.86 -8.2 


















1 2.10c -1.19 -3.36 -6.64 -9.35 
2 2.10d -12.20 -14.3 -17.65 -20.28 
Table 7: Free energy, enthalpy differences obtained from DFT, B3LYP, 6-31G(d) at 
297K 
According to DFT frequency calculations, both free energy and enthalpy change for the 
formation of ZZ conjugated double bonds 2.10d are –ve from either the S-allene 2.11c or 
the R-allene 2.11d (entry 2, Table 7). However, the formation of 2.10d from R-allene 
precursor 2.11d has a greater –ve ΔG and ΔH than its S-allene 2.11c counterpart. Such a 




Formation of the E/Z double bonds adduct 2.11c is less likely since the free energy 
difference is relatively higher than other isomers. Formation of 2.11a is energetically 
disfavored (ΔG, ΔH are positive) both from the R and S allene isomers (entry 1, table 6) 
implying a E-Δ5,6 configuration is perhaps imposing high conformational strain. The 
graphical representation in Fig 8 summarizes the relative energies, free energy 

































The results of the [2+2] cycloaddition can be summarized as follows 
 R-allene 2.11b and 2.11d conformers can undergo cycloaddition reaction between 
C6-C7allene and C11-C12butenolide olefins more readily when compared to S-isomers 
2.11a and 2.11c 
 The Z-Δ3,4 olefin geometry in the Rallene conformer 2.11d undergoes [2+2] 
cyclization with more –ve ΔG and ΔH values when compared with E-Δ3,4 2.11b 
 A fused cyclic system with both ‘Z’ configured olefins 2.10d is the more feasible 
[2+2] adduct from the R-macrocyclic allene 2.11d. 
 
2.7 Macrocyclization method 
Despite the rich documented methods available, macrocyclization is still considered a 
tricky transformation. Once a linear chain is prepared, macrocyclization typically requires 
a renowned and powerful transition metal catalyzed techniques. RCM is an example that 
is increasingly playing an enormous role in natural products synthesis. Even at an 
advanced stage of synthesis, most other functional groups are unaffected under alkene 
metathesis conditions and a variety of small to large rings can be obtained in good 
yields.38 
For the proposed strategy to bielschowskysin, issues regarding macrocyclization include 
the feasibility of ring closure methods to the presence of either allene or alkyne 
functionalities. As a point to note, butenolide installation is proposal after the 
macrocyclization step. Macrocycles, as a known phenomenon, are stable only when steric 
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and conformational strains are adequately balanced. As such, the orientation of the 
propargylic ether/allene and C3-C4 olefin can influence the steric, energetic and 
conformational preferences of the desired macrocycle. Furthermore, we need to form an 
appropriate macrocycle to determine the feasibility of forthcoming butenolide 
installations and [2+2] cycloadditions. For example, only ZC11-C12 double bond formation 
during RCM permits a latter stage γ-lactone cyclization; a EC11-C12 olefin cannot be 
lactonized directly. In order to find the thermodynamic feasibility of RCM reactions, 
determination of the free energy change (ΔG) is required, which can be derived from the 
following equation.  
ΔG = (Gmacrocycle + Galkene byproduct) - (Gdiene precursor) 
2.7.1 RCM of alkyne-diolefin 
The importance of the macrocyclization step in the synthesis of bielschowskysin was thus 
screened by computational programmes using DFT, B3LYP method using 6-31G(d) as 
the basis set to evaluate conformational and energetic preferences of the macrocycle and 
thus to identify an appropriate diene precursor. To this end, energy and frequency values 
were calculated by changing the geometry of the C3-C4 double bond and the 
stereochemistry of the C5-methyl ether. From the results, we evaluated the conformation 
of the possible macrocycle precursor 2.19 and energies of formation of the 14-membered 
macrocycle 2.20 and the ethylene byproduct. 
The macrocyclic precursor 2.19 contains an internal C6-C7 alkyne flanked by tertiary 
(C8) and secondary (C5) alcohols, an internal C3-C4 trisubstituted double bond, and two 
terminal allylic double bonds. The RCM reaction is presumed to take place between two 
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the terminal olefins in the presence of an alkylidene transition metal catalyst, leading to 
the desired product as a 14-membered macrocycle 2.20 (Scheme 9). 
The key issues to take into account are: 
 Stereochemistry of the secondary C5 methyl-propargylic ether: R/S 
 Geometrical orientation of the C3-C4 trisubstituted double bond: Z/E 
 Geometrical outcome of the newly formed Δ11,12 after RCM: Z/E 
 
 
Scheme 9: RCM with alkyne-diolefin linear chain  
By varying the above mentioned factors, all diastereomers of the diene precursors (2.19a-
2.19d) and macrocyclic products (2.20a-2.20d/2.21a-2.21d) were populated (Scheme 
10). In order to predict the most feasible macrocycle formation from variable diene linear 
precursors in the synthesis of bielschowskysin, I selected the most established method 




Scheme 10: RCM reaction 
2.7.1.1 Total energy of diene precursors 
The total energy values at local minimum were obtained for each isomeric diene by DFT 
calculation. A comparative study indicates that the energy difference is diverse among 
the diene configurational isomers. The energy difference ranges from ~0-9 kcal/mol 
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(Table 8). The trisubstituted E-Δ3,4 olefin with SC5 2.19a was found to be the most stable 
(-1368058.788 kcal/mol; entry 1, Table 8). On the other hand, the Z-Δ3,4 olefin with RC5 
2.19d was highest in energy (-1368050.021 kcal/mol; entry 4, Table 8) by 8.76 kcal/mol 
than 2.19a (Fig 9). 
 
Entry Conformer ZPE (Hartree) Total energy (E) (kcal/mol) 
1 2.19a 0.814361 -1368058.788 
2 2.19b 0.813096 -1368051.966 
3 2.19c 0.813505 -1368051.573 
4 2.19d 0.81388 -1368050.021 
5 2.20a 0.760287 -1318767.511 
6 2.20a' 0.760389 -1318762.849 
7 2.20b 0.760366 -1318767.043 
8 2.20b' 0.760324 -1318764.602 
9 2.20c 0.760317 -1318763.646 
10 2.20c' 0.761006 -1318762.724 
11 2.20d 0.760344 -1318763.106 
12 2.20d' 0.761104 -1318763.659 
13 Ethylene 0.051226 -49280.3234 





Fig 9: Relative energy of alkyne di-olefin linear chains 
 
2.19a-(5S) 
Erel = 0.00 kcal/mol 
 
2.19b-(5R) 
Erel = 6.82 kcal/mol 
 
2.19c-(5S) 
Erel = 7.21 kcal/mol 
 
2.19d-(5R) 
Erel = 8.76 kcal/mol 
 
2.20a-(5S) 
Erel = 0.00 kcal/mol 
 
2.20b-(5R) 























Erel = 3.86 kcal/mol 
 
2.20d-(5R) 
Erel = 4.4 kcal/mol 
 
2.20a'-(5S) 
Erel = 4.66 kcal/mol 
 
2.20b'-(5R) 
Erel = 2.91 kcal/mol 
 
2.20c'-(5S) 
Erel = 4.78 kcal/mol 
 
2.20d'-(5R) 
Erel = 3.85 kcal/mol 
Fig 10: Geometry optimization with DFT, B3LYP, 6-31G(d) at 297K 
2.7.1.2 Total energy of desired RCM products 
As mentioned earlier, RCM can produce both Z and E-Δ11,12 olefins (Scheme 10). Hence, 
4 diastereomeric precursors (2.19) could in principle produce 8 diastereomeric 
macrocycles. Among these 8 (2.20) macrocycles, the individual total energy value is the 
lowest (-1318767.511 kcal/mol) for a macrocycle in which a Z-configuration is at the 















(entry 5, table 8 and Fig 9). The same new Z-Δ11,12 double bond for preexisting E-Δ3,4 
olefin configurations but RC5 containing macrocycle 2.20b is above by only 0.47 kcal/mol 
in energy (entry 7, table 8 and Fig 9). 
The highest energy was observed for new E-Δ11,12, particularly with SC5 2.20a' and 2.20c' 
(entry 6 and entry 10, table 8 and Fig 9). Both Z-Δ3,4 and Z-Δ11,12 double bonds with RC5 
2.20d are again close in energy to the above systems (entry 11, table 8 and Fig 9). These 
high energy values could perhaps develop due to the strain imposed by restricted 
orientation of double bonds and other fused ring systems within the macrocycle. The 
overall energy difference ranges from ~0-5 kcal/mol among all the possible RCM 
products (table 8; Fig 9). Geometry optimized structures of the linear precursors (2.19a-
2.19d) and macrocycles (2.20a/a'-2.20d/d') is shown in Fig 10. 
2.7.1.3 Free energy change of RCM reactions 
The alkyne linear chain precursor 2.19a which possess SC5 and E-Δ3,4 can give two 
possible macrocycles with a ‘Z’ 2.20a or ‘E’ 2.20a' geometry at the nascent Δ11,12 olefin 
(Scheme 10). From the DFT calculation, formation of the new Δ11,12 double bond with a 
Z-geometry in the macrocycle 2.20a (ΔG=2.06 kcal/mol; entry 2, table 9) is always more 
thermodynamically favorable than formation of an E-Δ11,12 in the macrocycle 2.20a' 
(ΔG=6.6 kcal/mol, entry 1, table 9). This is substantiated from the less +ve ΔG values for 
Z-olefin formation over its E-olefin counterpart (table 9 and Fig 11).  
As per the laws of thermodynamics, a negative free energy change for a chemical 
reaction indicates spontaneity of the reaction. In the context of macrocyclization, the 
macrocyclic product always occupies a higher energy values due to restricted degrees of 
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freedom, and the strain developed in the rigid cyclic system. However, macrocycles can 
be formed from their lower energy precursor under techniques such as dilution, 






1 2.20a 2.06 11.55 
2 2.20a' 6.6 16.21 
3 2.20b -1.79 5.19 
4 2.20b' 0.31 7.63 
5 2.20c -0.07 8.2 
6 2.20c' 2.64 9.11 
7 2.20d -1.5 7.18 
8 2.20d' -1.27 6.63 
Table 9: Free energy, enthalpy differences obtained from DFT, B3LYP, 6-31G(d) at 
297K 
The alkyne linear chain 2.19b with E-Δ3,4 and R-configuration at C5 position can form 
either a Z-Δ11,12 macrocycle 2.20b or E-Δ11,12 macrocycle 2.20b' after RCM (Scheme 10). 
These have a ΔG of formation of -1.79, 0.31 kcal/mol respectively (entry 3, 4; table 9); 
and a ΔH formation of 5.19, 7.63 kcal/mol respectively. The -ve ΔG for 2.20b confirms 
that the formation of the desired, Z-Δ11,12 macrocycle is relatively more feasible than for 
the other E-Δ11,12 isomer 2.20b' (Fig 11). 
The two diastereomeric Z-Δ3,4 linear chains 2.19c, 2.19b (differing at the C5-propargylic 
ether stereochemistry) vary only by 2.5kcal/mol (Fig 9). The S-isomer 2.19c with a Z-Δ3,4 
 75 
 
double bond can produce two possible macrocycles 2.20c, 2.20c' by eliminating ethylene 
gas as a byproduct during the RCM reaction (Scheme 10).  
Similar to previous cases, the Z-Δ11,12 macrocycle 2.20c is more feasible than E-Δ11,12 
macrocycle 2.20c' as the ΔG values are -0.07, 2.64 kcal/mol for 2.20c, 2.20c' 
respectively (entry 5, 6; table 9).  
On the other hand, the RC5 linear precursor 2.19d with Z-Δ3,4 upon RCM can produce Z-
Δ11,12 2.20d or E-Δ11,12 2.20d' macrocycles (Scheme 10). The ΔG for the formation of Z-
Δ11,12 and E-Δ11,12 macrocycles are -1.5, -1.27 kcal/mol respectively (entry 7, 8; table 9). 
From the DFT calculations, formation of both Z-Δ11,12 and E-Δ11,12 macrocycles 2.20d, 
2.20d' are feasible since the ΔG values vary merely by 0.3 kcal/mol in their macrocyclic 
forms (Fig 11). 
 
Fig 11: Erel and ΔG differences for RCM products 
2.7.1.4 Summary 


























 The more stable Z-Δ3,4 olefin with RC5 2.19b will generate a newly formed Δ11,12 
double bond with Z-geometry 2.20b more readily, which is useful for butenolide 
construction.  
 Macrocycles 2.20a, 2.20b are lower in energy than the other isomers. 
 ΔG values for 2.20b, 2.20d are more negative than their competing isomers 
 The linear precursors, E-Δ3,4 2.19b and Z-Δ3,4 olefin 2.19d with RC5 would more 
feasibly yield the desired Z-macrocycles 2.20b, 2.20d. 
 RC5 is more advantageous than its S-counterpart, however, both are far apart in 
energy values. 
 Pre-existing Δ3,4 olefin with Z/E configurations are almost equal in energy.  
2.7.2 RCM allene-diolefin 
Next, I performed a similar set of calculations using allene macrocyclic ring precursors 
(previously alkyne precursors were adopted). The allene linear precursors contain two 
terminal allylic alcohols, a trisubstituted Δ3,4 double bond and an internal allene (C7-C6-
C5) adjacent to the quaternary carbon (C8). Hence conformational analysis was carried 
out by changing the geometry of the Δ3,4 olefin and allene stereochemistry to find out the 
most feasible RCM reaction. Energy optimization and frequency values were calculated 
to confirm local minima using DFT, B3LYP, 6-31G(d) in Gaussian 09. From the results 
we evaluated the conformation of the possible macrocycle precursor 2.21 and the energy 
formation of the 14-membered macrocycle 2.22 and ethylene byproduct. 
The macrocyclic product 2.22 contains an internal allene adjacent to a quaternary carbon, 
and two trisubstituted internal double bonds. Transition metal catalyzed RCM reaction 
can be carried out between two terminal olefins to accomplish the 14-membered 
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macrocycle 2.22 by generating new Δ11,12 olefins either Z or E (Scheme 11) Hence 
conformational analysis was performed by changing the following key structural 
scaffolds. 
 Stereochemistry of allene 
 Geometrical orientation of pre-existing trisubstituted Δ3,4 double bond 
 Geometrical outcome of newly formed Δ11,12 olefin after RCM (Scheme 11) 
 
Scheme 11: RCM with allene-diolefin linear chain 2.21 
 
By varying the above three factors, all possible diastereomers of the diene precursors and 
macrocyclic products were populated (Scheme 12). In order to predict the most feasible 
macrocyclic reaction in the synthesis of bielschowskysin, I selected the most established 







Scheme 12: RCM with R/S-allene, E/Z-Δ3,4 of allene-diolefin linear chain 
2.7.2.1 Total energy of diene precursors 
The local minimum energy values were obtained for each of isomeric diene by DFT 
calculations. The energy difference was diverse among the diene configurational isomers 
and ranged between ~0-9 kcal/mol. RC5 with a trisubstituted Z-Δ3,4 olefin 2.21d was least 
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energetic (-1296745.809 kcal/mol) and thus more stable. Interestingly SC5 with E-Δ3,4 
olefin configuration 2.21c (-1296744.176 kcal/mol), and SC5 with Z-Δ3,4 olefin 
configuration 2.21a (-1296744.752 kcal/mol) were almost equivalent in energy and vary 
by 1.6 and 1 kcal/mol respectively. On the other hand, the E-Δ3,4 olefin with RC5 2.21b (-
1296739.924kcal/mol) is higher in energy and the least stable (Fig 12 and Table 10). 
Geometrical optimization of the respective reactants and products of the allene-diolefin 
macrocyclization is shown in Fig 13. 
 
Fig 12: Relative energies of macrocyclic allene-diolefin linear chains 
 
Conformer ZPE (Hartree) Energy (E) (kcal/mol) 
2.21a 0.779807 -1296225.81 
2.21b 0.780214 -1296220.845 
2.21c 0.779282 -1296225.334 
2.21d 0.780601 -1296226.776 
2.22a 0.727776 -1246930.446 

















Conformer ZPE (Hartree) Energy (E) (kcal/mol) 
2.22b 0.728043 -1246928.733 
2.22b' 0.727134 -1246934.045 
2.22c 0.727078 -1246931.291 
2.22c' 0.727287 -1246930.771 
2.22d 0.72729 -1246929.848 
2.22d' 0.726837 -1246937.842 
Ethylene 0.051226 -49280.32342 




Erel = 0.96 kcal/mol 
 
2.21b-(6R) 
Erel = 5.93 kcal/mol 
 
2.21c-(6S) 
Erel = 1.44 kcal/mol 
 
2.21d-(6R) 







Erel = 7.61 kcal/mol 
 
2.22b-(6R) 
Erel = 9.33 kcal/mol 
 
2.22c-(6S) 
Erel = 6.77 kcal/mol 
 
2.22d-(6R) 
Erel = 8.21 kcal/mol 
 
2.22a'-(6S) 
Erel = 0.00 kcal/mol 
 
2.22b'-(6R) 
Erel = 4.02 kcal/mol 
 
2.22c'-(6S) 
Erel = 7.29 kcal/mol 
 
2.22d'-(6R) 
Erel = 0.22 kcal/mol 



















2.7.2.2 Total energy of RCM products 
Similar to the alkyne macrocyclization study, allene-diolefins can produce a Z or E 
configuration at the Δ11,12 olefin after RCM (Scheme 12). Hence, four diastereomeric 
precursors could in principle produce 8 diastereomeric macrocycles. Among these 8 
macrocycles, the total energy value is lowest (-1247420.935 kcal/mol) for a macrocycle 
in which an E-configuration at the Δ11,12 double bond is newly generated with a pre-
existing E-Δ3,4 olefin, SC5 2.22a'. Interestingly, an E-configuration at the newly generated 
Δ11,12 double bond within a pre-existing Z-Δ3,4 olefin, RC5 ether 2.22d' is only 0.15 
kcal/mol higher in energy (Table 10). 
The highest energy is observed when the new Δ3,4 double orients after in a E 
configuration particularly with RC5 2.22b (-1247412.089 kcal/mol) with a Z-Δ11,12 olefin. 
This high energy value is likely due to the strain imposed in the macrocycle. The energy 
difference ranges from 0.8-8.8 kcal/mol among all the possible RCM products (Fig 12).  
Conformer ΔG (kcal/mol) 
ΔH 
(kcal/mol) 
2.22a 9.83 15.63 
2.22a' 0.83 8.02 
2.22b 6.57 12.38 
2.22b' -0.35 7.07 
2.22c 8.75 14.3 
2.22c' 10.07 14.83 
2.22d 7.89 17.19 
2.22d' -0.84 9.2 




2.7.2.3 Free energy change of RCM reactions 
Allenes with a S-stereochemistry can have two possible structures with a ‘Z’ and ‘E’ Δ3,4 
double bond. Both isomers after RCM can give two different products by releasing 
ethylene as a byproduct, i.e., by forming a new Δ11,12 double bond with a ‘Z’ or ‘E’ 
geometries. According to DFT calculations, formation of a E-Δ11,12 double bond 2.22a' 
has a lower free energy difference (ΔG = 0.83 kcal/mol) over a Z-Δ11,12 double bond 
2.22a from the S-allene with a E-Δ3,4 olefin 2.21a. The linear S-allene precursor with a Z-
Δ3,4 olefin (2.21c) can undergo macrocyclization by forming a Z or E Δ11,12 with almost 
equal feasibility, since the free energy difference is not much different between the 
products 2.22c and 2.22c' (Table 11). 
In the same way, allenes with an R configuration can have two possible linear chains. 
One is with a E-Δ3,4 olefin (2.21b) and other with a Z-geometry (2.21d). When the E or 
Z-Δ3,4 olefin isomers 2.21b and 2.21d participate in a RCM reaction, they can give two 
possible Z or E products. The DFT calculation under the B3LYP method using 6-31G(d) 
as a basis set indicated that both E-Δ3,4 2.21b and Z-Δ3,4 2.21d isomers can give E-Δ11,12 
macrocycles predominantly, since the free energy difference ΔG are -0.35, -0.84 for 
2.22b' and 2.22d' respectively, which is relatively low in ΔG value than the competitive 




Fig 14: Relative energies and free energy difference of macrocyclic allene (RCM 
products) 
2.7.2.4 Summary 
According to the results obtained from DFT calculations, the following can be said. 
 ΔG is -0.84 for the more stable E-Δ11,12 macrocycle 2.22d' with preexisting R-
allene and Z-Δ3,4 olefin from the more stable linear precursor 2.21d, which is a 
more –ve free energy difference than for the other macrocycles.  
 Formation of the undesired E-Δ11,12 macrocycle is more likely feasible from all 
linear precursors. 
 An R-allene is advantageous to having a favorable RCM 
 Pre-existing Δ11,12 olefin configuration (E/Z) has little influence over the RCM 





























2.8 Overall conclusion 
From all of the above results, I can conclude that the formation of the more stable [2+2] 
adduct 2.10d can be formed from the 2.11d or 2.11c conjugated macrocyclic allenes (Fig 
15). This is due to the 2.11d macrocycle possessing a more –ve free energy (-
17.64995971 kcal/mol) difference in the formation of the Z-Δ3,4, Z-Δ5,6 adduct 2.10d than 
the formation of Z-Δ3,4, E-Δ5,6 [2+2] adducts from their respective allene macrocycle 
2.11c. The alkyne precursors should be selected in favor of the allene precursors. The 
possible alkyne macrocycles required would be the Z-Δ3,4 with either an RC5 or SC5 thus 
favoring a Z-Δ11,12 configuration at the newly formed alkene (for future butenolide 
formation). Hence, the synthesis of 2.20d, 2.20c macrocycles with their respective linear 
chains 2.19d, 2.19c should be synthetically targeted in future [2+2] cycloaddition studies. 
If we consider the free energy difference in the formation of the required macrocycles, 
2.20d (RC5 with Z-Δ3,4, Z-Δ11,12) has a higher –ve value (-1.5 kcal/mol) from 2.19d than 
the relative macrocycle 2.20c (SC5 with Z-Δ3,4, Z-Δ11,12; ΔG = -0.06 kcal/mol). The 
macrocycle 2.20d' (RC5 with Z-Δ3,4, E-Δ11,12) has a relatively high –ve ΔG (-1.27 
kcal/mol) in its formation from the linear precursor 2.19d, but butenolide formation 




Fig 15: Comparisons of free energy difference and total energy in kcal/mol 
 
Therefore, formation of macrocycle 2.20d (RC5 with Z-Δ3,4, Z-Δ11,12) from the alkyne 
linear precursor 2.19d (RC5 with Z-Δ3,4) may be a better way to construct the allene 
macrocycle 2.11d (Scheme 13); from here, to the formation of the [2+2] adduct 2.10d (Z-
Δ3,4, Z-Δ5,6) from the allene macrocycle 2.11d (R-allene, Z-Δ3,4) is advised to introduce 
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The aroma-active (Z)-5-dodecenal (1.141) of Pontianak orange peel oil (Citrus nobilis 
Lour. var. microcarpa Hassk.) was synthesized and characterized by NMR and GC-MS 
techniques. In order to obtain pure (Z)-5-dodecenal (1.141), we adopted a six-step 
synthesis as illustrated in Scheme 1. Our synthesis began with Lewis acid facilitated ring-
opening of tetrahydrofuran (1.135) to give the iodoalcohol 1.136 by in situ generation of 
trimethylsilyl iodide. This alcohol 1.136 was directly protected as its corresponding 
tetrahydropyranyl (THP) ether 1.137 in 72% yields over two steps. Acetylide (lithium-
Octylide) addition on 1.137 resulted coupling product 1.138, followed by a cis-selective 
hydrogenation with Lindlar’s catalyst generated the (Z)-alkene 1.139 in 55% yield over 
two steps. THP deprotection by methanolysis of 1.139 followed by oxidation with 
pyridinium chlorochromate (PCC) afforded the targeted cis-alkenal 1.141 in 76% yield, 
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over two steps. This synthesis was found both convenient and practical and provided (Z)-
5-dodecenal 1.141 in sufficient quantities and high purity. 
Reference: Dharmawan, J.; Kasapis, S.; Sriramula, P.; Lear, M. J.; Curran, P. J. Agric. 
Food. Chem. 2009, 57, 239 
Experimental Procedures: 
2-(4-iodobutoxy) tetrahydro-2H-pyran (1.137):  
 Well stirred solutions of sodium iodide (1.5g, 2eq) in THF 1.135 
(7.5ml, Excess) at room temperature are treated with trimethyl silylchloride (0.65ml, 
5mmol). After 1h the reaction was hydrolyzed with ether and water gives the compound 
1.136. The 4-iodo butanol (1.136) was dissolved in dichloromethane (15ml) and p-
toluenesulfonic acid (0.03eq) was added to the reaction mixture under argon atmosphere. 
The whole mixture was cool to 0 °C and 3, 4-dihydro-2H-pyran (0.9g, 10.7mmol) was 
added dropwise. After 30 min cooling was removed and stirred for 3h at room 
temperature. Extracted the whole reaction mixture with sodium bicarbonate and washed 
with sodium chloride solution. The combined organic layers were evaporated under 
vacuum. Purified by column chromatography (Hexane-EtOAC = 70:1) results 1.1g of 
1.137 in 77 % of yield with respect to TMSCl. 1H NMR (CDCl3, 500 MHz): δ 4.53 (1H, 
t), 3.68-3.83 (2H, m), 3.3-3.5 (2H, m), 3.19 (2H, t), 1.85-1.94 (4H, m), 1.72-1.79 (2H, m), 





2-(dodec-5-enyloxy) tetrahydro-2H-pyran (1.139):  
 To a stirred solution of 1-Octyne(0.31ml, 2.1mmol) 
in dry THF added n-Butyl lithium(1.5ml, 2.5mmol) drop wise at -10 °C and stirred for 30 
min. Slowly added the whole reaction mixture to a solution of 1.137 (200mg, 0.7mmol) 
in THF at -78 °C. The whole reaction mixture was stirred at 23 °C for 48 h results the 
coupling compound 1.138 along with starting material 1.137, unable to purify by column 
chromatography so confirmed through 1H, 13C and Gas chromatography. The crude 
compound 1.138 was hydrogenated with Lindlar’s catalyst in methanol at 50 psi for 48 h. 
Removed the catalyst by filtration, methanol was evaporated under vacuum and purified 
by column chromatography (Hexane: diethyl ether = 70:1) results 100mg of 1.139 in 
55% yield. 1H NMR (CDCl3, 500 MHz): δ 5.3-5.4(2H, m), 4.56 (1H, t), 3.7-3.9 (2H, m), 
3.3-3.5 (2H, m), 1.9-2.1 (4H, m), 1.5-1.85 (10H, m), 1.27(8H, m), 0.88 (3H, t); 13C NMR 
(CDCl3, 125 MHz): 31.7, 30.7, 29.7, 29.4, 28.9, 27.2, 27.0, 26.4, 25.5, 22.6, 19.6,14.  
(Z)-dodec-5-enal (1.141):  
 To the solution of 2-(dodec-5-enyloxy) tetrahydro-2H-
pyran 1.139 (100mg, 0.37mmol) in methanol add p-TSA (0.15eq) and stirred for 2hr at 
room temperature. The whole reaction mixture was extracted with sodium bi carbonate 
and washed with sodium chloride solution. The combined organic layers were evaporated 
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under vacuum results 1.140. To the solution of PCC (120mg, 0.56mmol) in 
dichloromethane added 1.140 in dichloromethane under nitrogen atmosphere, stirred at 
room temperature for 3 h. The resulting solution was concentrated and purified by 
column chromatography (Hexane-EtOAC = 80:1) gave 51mg of 1.141 in 76% yield. 1H 
NMR (CDCl3, 500 MHz): δ 9.76 (1H, t), 5.25-5.4 (2H, m), 2.3-2.4 (2H, dt), 1.9-2.1 (4H, 
m), 1.68 (2H, qen), 1.27-1.42(8H, m), 0.87 (3H, t); 13C NMR (CDCl3, 125 MHz): 202.5, 















































































































































































































































































































































































































































Title: Asymmetric construction of rings A−D of daphnicyclidin-type alkaloids 
 
Reference: Dunn, T. B.; Ellis, J. M.; Kofink, C. C.; Manning, J. R.; Overman, L. E. 
Org. Lett. 2009, 11, 5658 
Comment: Daphnicyclidin alkaloid was synthesized using aza-Cope-transannular 
Mannich reaction as one of the key steps. 
 
Title: Total synthesis of (+)-fastigiatine 
 
Reference: Liau, B. B.; Shair, M. D. J. Am. Chem. Soc. 2010, 132, 9594 
Comment: Transannular Mannich reaction as one of the key steps to synthesize the core 
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of the alkaloid natural product, (+)-fastigiatine. 
 
Title: Total synthesis of palau'amine 
 
Reference: Seiple, I. B.; Su, S.; Young, I. S.; Lewis, C. A.; Yamaguchi, J.; Baran, P. S. 
Angew. Chem. Int. Ed. 2010, 49, 1095 
Comment: Cascade ring expansion and transannular cyclization reactions were 
incorporated to rapidly assemble complex Palau'amine natural product. 
 
Title: Nucleophilic cycloaromatization of ynamide-terminated enediynes 
 
Reference: Poloukhtine, A.; Rassadin, V.; Kuzmin, A.; Popik, V. V. J. Org. Chem. 
 98 
 
2010, 75, 5953 
Comment: Benzannulated cyclic enediynes systems undergo Bergman type cyclization 
when catalyzed by acids and proceeds via initial protonation of an ynamide fragment. 
The resulting ketenimmonium cation then cyclizes to produce the naphthyl cation, which 
rapidly reacts with nucleophiles or undergoes Friedel-Crafts addition with aromatic 
compounds to generate the tricyclic systems. 
 
Title: Total synthesis of vinblastine, vincristine, related natural Products, and key 
structural analogues 
 
Reference: Ishikawa, H.; Colby, D. A.; Seto, S.; Va, P.; Tam, A.; Kakei, H.; Rayl, T. J.; 
Hwang, I.; Boger, D. L. J. Am. Chem. Soc. 2009, 131, 4904 
Comment: Fe(III)-promoted coupling reaction  promoted an oxidative fragmentation of 
catharanthine in a transannular manner and subsequent in situ diastereoselective 
coupling with vindoline. Addition of the resulting reaction mixture to an Fe(III) 
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NaBH4/air solution lead to oxidation of the double bond and reduction of the 
intermediate iminium ion directly providing vinblastine. 
 
Title: Asymmetric total synthesis of trilobacin via organoselenium-mediated oxonium 
ion formation/SiO2-promoted fragmentation 
 
Reference: Sohn, T.-i.; Kim, M. J.; Kim, D. J. Am. Chem. Soc. 2010, 132, 12226 
Comment: A novel organoselenium-mediated oxonium ion formation in a transannular 
fashion/SiO2-promoted fragmentation reaction was noticed by the Kim group. 
 
Title: A combined RCM-Bischler–Napieralski strategy towards the synthesis of the 
carbon skeleton of excentricine and related stephaoxocanes 
 
Reference: Larghi, E. L.; Kaufman, T. S. Tetrahedron 2008, 64, 9921 
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Comment: The synthesis of the carbon skeleton of excentricine and related 
stephaoxocanes was achieved by preparing the macrocycle via ring closing metathesis 
and subsequent POCl3 mediated transannular Bischler–Napieralski cyclizations as key 
steps. 
 
Title: Bromonium ion induced transannular oxonium ion formation fragmentation in 
model obtusallene systems and structural reassignment of obtusallenes VII 
 
Reference: Braddock, D. C.; Millan, D. S.; Pérez-Fuertes, Y.; Pouwer, R. H.; Sheppard, 
R. N.; Solanki, S.; White, A. J. P. J. Org. Chem. 2009, 74, 1835 
Comment: In synthesizing macrocyclic carbon skeleton of obtusallene VII, White et al. 













Title: Total synthesis of plukenetione A 
 
Reference: Zhang, Q.; Mitasev, B.; Qi, J.; Porco, J. J. Am. Chem. Soc. 2010, 8663 
Comment: acid mediated transannular cyclization reaction was noticed in the synthesis 
of natural product plukenetione A 
 
Title: Oxidative carbocation formation in macrocycles: synthesis of the neopeltolide 
macrocycle 
 
Reference: Tu, W.; Floreancig, P. E. Angew. Chem. 2009, 121, 4637 
Comment: Oxidative cyclization in the 13-membered macrocycle was brought about 



















































Reference: Baker, T. M.; Edmonds, D. J.; Hamilton, D.; O'Brien, C. J.; Procter, D. J. 
Angew. Chem. 2008, 120, 5713 
Comment: Acid induced transannular cyclization was taken place through oxonium ion 
intermediate in Procter synthesis of pestalotiopsin skeleton 
 
Title: Substituent effects in the transannular cyclizations of germacranes. Synthesis of 6-
epi-costunolide and five natural steiractinolides 
 
Reference: Azarken, R.; Guerra, F. M.; Moreno-Dorado, F. J.; Jorge, Z. D.; Massanet, 
G. M. Tetrahedron 2008, 64, 10896 
Comment: Massanet et al. studied substituent effects on acid induced transannular 
cyclizations of germacranes. p-TsOH induced oxirane ring opening via transannular C-C 
bond formation in a 10-membered carbocyclic system to give the tricyclic skeleton of 
guaianolides. They also synthesized related costunolide and steiractinolides skeletons 




Title: Polyene cyclization promoted by the cross-conjugated α-carbalkoxy enone 
system. Observation on a putative 1,5-hydride/1,3-alkyl shift under lewis acid catalysis 
 
Reference: Chou, H.-H.; Wu, H.-M.; Wu, J.-D.; Ly, T. W.; Jan, N.-W.; Shia, K.-S.; Liu, 
H.-J. Org. Lett. 2007, 10, 121 
Comment: Under lewis acid catalysis, consecutive transannular σ-bond shifts i.e., [1,5]-
hydride shift, [1,2]-methyl shift and [1,2]-methylene shift have been observed by the Liu 












Title: Doubly deuterium-labeled patchouli alcohol from cyclization of singly labeled [2-
2H1] farnesyl diphosphate catalyzed by recombinant patchoulol synthase 
 
Reference: Faraldos, J. A.; Wu, S.; Chappell, J.; Coates, R. M. J. Am. Chem. Soc. 2010, 
132, 2998 
Comment: In the cyclization studies of deuterium labeled (E,E)-farnesyl diphosphate 
(FPP) to patchoulol (patchouli alcohol), the Coates group explored enzymatic 
transannular cationic cyclizations. The multistep reaction was hypothesized to proceed 
through the intermediacy of five tertiary carbocation transition states that form in 













Title: Intermediacy of eudesmane cation during catalysis by aristolochene synthase 
 
Reference: Faraldos, J.A.; Kariuki, B.; Allemann, R. J. Org. Chem. 2010, 75, 1119 
Comment: Allemann et al. proposed intermediacy of eudesmane cation during their 
synthesis of aza-analogue of aristolochene. The bicyclic eudesmane cation formation 
was the result of Aristolochene synthase catalyzed macrocyclization of farnesyl 












Title: Concise route to triquinanes from pyran-2-ones 
 
Reference: Li, L.; McDonald, R.; West, F. G. Org. Lett. 2008, 10, 3733 
Comment: [1,5]-H shift and aldol type cyclization in a transannular cascade manner 
have been employed to obtain linear triquinane by the West group. 
 
Title: Pinacol macrocyclization-based route to the polyfused medium-sized CDE ring 
system of lancifodilactone G 
 
Reference: Paquette, L. A.; Wah Lai, K. Org. Lett. 2008, 10, 3781 
Comment: Acid mediated deprotection of silylether on fused bicyclic system in 
methanol solvent gave the free tertiary alcohol that accompanied cyclization with ketone 






Title: Enantioselective synthesis of (−)-sclerophytin A by a stereoconvergent epoxide 
hydrolysis 
 
Reference: Wang, B.; Ramirez, A. P.; Slade, J. J.; Morken, J. P. J. Am. Chem. Soc. 
2010, 132, 16380 
Comment: Base induced anionic transannular cyclization via epoxide opening as the 
key step was noticed in the enantioselective synthesis of sclerophytin A. 
 
Title: Asymmetric synthesis of (+)-polyanthellin A 
 
Reference: Campbell, M. J.; Johnson, J. S. J. Am. Chem. Soc. 2009, 131, 10370 
Comment: The core of the natural product polyanthellin A was synthesized by a three-
step protocol involving iodoetherification, oxymercuration, and global reduction with 






Title: A new construction of 2-alkoxypyrans by an acylation−reductive cyclization 
sequence 
 
Reference: Heumann, L. V.; Keck, G. E. Org. Lett 2007, 9, 1951 
Comment: Macrolactone was synthesized using Yamaguchi macrocyclization, which 
undergo samarium mediated reductive cyclization in a transannular manner giving the 




Title: A formal synthesis of the callipeltoside aglycone 
 
Reference: Marshall, J. A.; Eidam, P. M. Org. Lett 2008, 10, 93 
Comment: core of the callipeltosde framework was constructed using transannular 
etherification reaction. Pyranose moiety was established in transannular manner upon 







Title: Access to the core structure of aurisides by a ring-closing metathesis/transannular 
ketalisation sequence 
 
Reference: Bourcet, E.; Fache, F.; Piva, O. Tetrahedron Lett. 2009, 50, 1787 
Comment: ring-closing metathesis followed by transannular ketalization was reported 




Title: Biomimetic transannular oxa-conjugate addition approach to the 2,6-disubstituted 
dihydropyran of laulimalide yields an unprecedented transannular oxetane 
 
Reference: Houghton, S. R.; Furst, L.; Boddy, C. N. J. Org. Chem. 2009, 74, 1454 
Comment: acid-mediated regiospecific transannular oxa-conjugate addition producing a 
stable trans-oxetane in a macrocycle was noticed. And DFT calculations were reported 







































Reference: Evans, D. A.; Welch, D. S.; Speed, A. W. H.; Moniz, G. A.; Reichelt, A.; 
Ho, S. J. Am. Chem. Soc. 2009, 131, 3840 
Comment: Macrocyclic lactone was prepared by Yamaguchi macrocyclization and the 
deprotection of the silyl group facilitated the etherification in a transannular way and 
provided the pyran ring in the macrocycle to achieve (+)-peloruside A by Evans et al. 
 
Title: Enantioselective total synthesis of peloruside A: A potent microtubule stabilizer 
 
Reference: Ghosh, A. K.; Xu, X.; Kim, J.-H.; Xu, C.-X. Org. Lett. 2008, 10, 1001 
Comment: Ghosh et al. used Yamaguchi macrolactonization to construct the 16-
membered macrocycle, and hemi-ketal formation in a transannular fashion and followed 




Title: Total synthesis of (-)-2-epi-peloruside A 
 
Reference: Smith, A. B.; Cox, J. M.; Furuichi, N.; Kenesky, C. S.; Zheng, J.; Atasoylu, 
O.; Wuest, W. M. Org. Lett. 2008, 10, 5501 
Comment: Smith III group reported the transannular ketalization in the 16-membered 
macrocycle in his synthesis of (-)-2-epi-peloruside A 
 
Title: Enantioselective syntheses of the proposed structures of cytotoxic macrolides 
iriomoteolide-1a and -1b 
 
Reference: Ghosh, A. K.; Yuan, H. Org. Lett. 2010, 12, 3120 
Comment: Enantioselective total syntheses of the proposed structures of macrolide 
cytotoxic agents iriomoteolide-1a and -1b have been synthesized in a convergent and 
stereoselective manner. Macrocycle constructed by Yamaguchi macrolactonization and 
subsequent aldol reaction, cyclization reaction was taken place when treated with DMP, 
HF·Py to obtain pyran ring in the macrocycle. 
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Title: Reaction discovery employing macrocycles: transannular cyclizations of 
macrocyclic bis-lactams 
 
Reference: Han, C.; Rangarajan, S.; Voukides, A. C.; Beeler, A. B.; Johnson, R.; Porco, 
J. A. Org. Lett. 2008, 11, 413 
Comment: Base mediated transannular cyclization reactions (isomerization, conjugate 
addition) were explored on the macrocyclic bis-lactams and the reaction pathway was 













Title: Total synthesis of (-)-8-deoxyserratinine via an efficient Helquist annulation and 
double N-alkylation reaction 
 
Reference: Yang, Y.-R.; Lai, Z.-W.; Shen, L.; Huang, J.-Z.; Wu, X.-D.; Yin, J.-L.; Wei, 
K. Org. Lett. 2010, 12, 3430 
Comment: The first enantioselective total synthesis of (-)-8-deoxyserratinine was 
synthesized by the Yang group. The tetra cyclic framework of 8-deoxyserratinine was 
constructed using the trifluoroacetamide cleavage followed by transannular cyclization 
via epoxide ring-opening in the presence of base followed by carbonyl oxidation. 
 
Title: Total syntheses of (+)-fawcettimine and (+)-lycoposerramine-B 
 
Reference: Otsuka, Y.; Inagaki, F.; Mukai, C. J. Org. Chem. 2010, 75, 3420 
Comment: In the synthesis of the (+)-fawcettimine, acid induced cleavage of Boc 
protecting group on tricyclic motif spontaneously allowed C-N bond forming 




Title: Synthesis of the lycopodium alkaloid (+)-lycoflexine 
 
Reference: Ramharter, J.; Weinstabl, H.; Mulzer, J. J. Am. Chem. Soc. 2010, 132, 
14338 
Comment: In the Mulzer synthesis, deprotection of N-Boc protecting group leads to 
transannular Mannich cyclization in a cascade manner and delivered the alkaloid (+)-
lycoflexine 
 
Title: First asymmetric total syntheses of fawcettimine-type lycopodium alkaloids, 
























Reference: Nakayama, A.; Kogure, N.; Kitajima, M.; Takayama, H. Org. Lett. 2009, 11, 
5554 
Comment: Two sequential transannular ring closing and ring opening reactions were 
noticed by Takayama et al. in the synthesis of fawcettimine-type lycopodium alkaloids. 
Deprotection of the N-Boc with ZnBr2 promted cyclization in the ring to deliver the 
 115 
 
lycoposerramine-C, followed by ring fragmentation reaction by strong base obtained the 
phlegmariurine-A. 
 
Title: Cyclization approaching to (-)-lycojapodine A: Synthesis of two unnatural 
alkaloids 
 
Reference: Yang, Y.-R.; Shen, L.; Wei, K.; Zhao, Q.-S. J. Org. Chem. 2010, 75, 1317 
Comment: In Yang approach towards (-)-lycojapodine A, unexpected transannular 
cyclizations gave two unnatural alkaloids. Upon deprotection of the N-Boc, tricyclic 
core underwent transannular amino cyclization with ketone and gave the tetracyclic 
system. 
 





Reference: Szostak, M.; Aube , J. Org. Lett. 2009, 11, 3878 
Comment: The RCM to construct a challenging medium-sized ring followed by a 
transannular cyclization across a medium-sized ring delivered bridgehead twisted 
amides from simple acyclic precursors. 
 
Title: A convergent synthesis of the tricyclic core of the dictyosphaeric acids 
 
Reference: Barfoot, C. W.; Burns, A. R.; Edwards, M. G.; Kenworthy, M. N.; Ahmed, 
M.; Shanahan, S. E.; Taylor, R. J. K. Org. Lett. 2007, 10, 353 
Comment: Taylor et al. prepared the 13-membered macrolactone using ring-closing 
metathesis method, and a doubly tethered transannular Michael addition was reported to 















Title: Tandem double-Michael-addition/cyclization/acyl migration of 1,4-dien-3-ones 
and ethyl isocyanoacetate: Stereoselective synthesis of pyrrolizidines 
 
Reference: Tan, J.; Xu, X.; Zhang, L.; Li, Y.; Liu, Q. Angew. Chem. 2009, 121, 2912 
Comment: Tandem double-Michael-addition/transannular cyclization was reported to 
construct the bicyclic system during the Stereoselective synthesis of pyrrolizidines by 











Title: Cascade radical-mediated cyclisations with conjugated ynone electrophores. An 
approach to the synthesis of steroids and other novel ring-fused polycyclic carbocycles 
 
Reference: Pattenden, G.; Stoker, D. A.; Thomson, N. M. Org. Biomol. Chem. 2007, 5, 
1776 
Comment: Cascade radical-mediated using Bu3SnH/AIBN cyclization was 
implemented in iododienynone in fascinating transannular manner by the Pattenden 













Title: Stereocontrolled formal synthesis of (±)-Platensimycin 
 
Reference: Matsuo, J.; Takeuchi, K.; Ishibashi, H. Org. Lett 2008, 10, 4049 
Comment: The Nicolaou intermediate of platensimycin was synthesized 
stereoselectively using transannular radical cyclization of monothioacetal with 
tributyltin hydride and AIBN. 
 
Title: Selective conversion of an enantioenriched cyclononadienone to the xeniolide, 




Reference: Drahl, M. A.; Akhmedov, N. G.; Williams, L. J. Tetrahedron Lett. 2011, 52, 
325 
Comment: Titanium induce epoxide ring opening via transannular radical cyclization 
reaction was reported to synthesize the diterpene, xenibellol core ring system 
 
Title: Ti-catalyzed transannular cyclization of epoxygermacrolides. Synthesis of 
antifungal (+)-tuberiferine and (+)-dehydrobrachylaenolide 
 
Reference: Justicia, J.; de Cienfuegos, L. Á.; Estévez, R. E.; Paradas, M.; Lasanta, A. 
M.; Oller, J. L.; Rosales, A.; Cuerva, J. M.; Oltra, J. E. Tetrahedron 2008, 64, 11938 
Comment: Divergent strategy for the stereoselective synthesis of both eudesmanolides 
(+)-tuberiferine starting from the accessible germacrolide (+)-costunolide. The Ti-
catalyzed transannular radical cyclization is one of the key transformations in the 










Title: Construction of bicyclic ring systems via a Transannular SmI2-mediated 
ketone−olefin cyclization strategy 
 
Reference: Molander, G. A.; Czakó, B.; Rheam, M. J. Org. Chem. 2007, 72, 1755 
Comment: SmI2-mediated ketone-olefin cyclization was employed by Molander et al. 
to construct the bicyclic ring systems in a transannular manner. They mainly explored 
the cyclization reactions on 8, 10 and 11-membered macrocyclic ring systems containing 















Title: Multiple chirality transfers in the enantioselective synthesis of 11-O-
debenzoyltashironin. Chiroptical analysis of the key cascade 
 
Reference: Polara, A.; Cook, S. P.; Danishefsky, S. J. Tetrahedron Lett. 2008, 49, 5906 
Comment: cascade oxidative dearomatization, transannular Diels–Alder between the 
diene and allene double bond was investigated to synthesize the frame work of 11-O-
debenzoyltashironin. 
 
Title: Synthesis of a trans,syn,trans-Dodecahydrophenanthrene via a bicyclic 
transannular Diels-Alder reaction: Intermediate for the synthesis of fusidic Acid 
 
Reference: Jung, M. E.; Zhang, T.-H.; Lui, R. M.; Gutierrez, O.; Houk, K. N. J. Org. 
Chem. 2010, 75, 6933 
Comment: Jung group synthesized tetracyclic intermediate for the synthesis of fusidic 
acid via transannular etherification at bridge-head and Diels-Alder reaction in the 







Title: Exploration of a proposed biomimetic synthetic route to plumarellide. 
Development of a facile transannular Diels-Alder reaction from a macrocyclic enedione 
leading to a new 5,6,7-tricyclic ring system 
 
Reference: Li, Y.; Pattenden, G. Tetrahedron Lett. 2010 ASAP 
DOI:10.1016/j.tetlet.2010.10.154 
Comment: Pattenden et al. explored the proposed biomimetic synthetic route to 
plumarellide and developed a facile transannular Diels-Alder reaction from a 








Title: Gold-catalyzed transannular [4+3] cycloaddition reactions 
 
Reference: 1) Gung, B. W.; Craft, D. T. Tetrahedron Lett. 2009, 50, 2685 2) Gung, B. 
W.; Craft, D. T.; Bailey, L. N.; Kirschbaum, K. Chem. Eur. J. 2010, 16, 639 
Comment: In a 14-membered macrocycle, transannular [4+3] and [4+2] cycloaddition 
reactions between furan ring and allene functional group were developed in the presence 
of gold catalysts by the Gung group. 
 
Title: Generation of hexahydroazulenes 
 
Reference: Krämer, G.; Detert, H.; Meier, H. Tetrahedron Lett. 2009, 50, 4810 
Comment: (Z)-Cyclodec-1-en-6-yne under FVP conditions, generated conjugated 




Title: Conjugate additions, aza-Cope, and dissociative rearrangements and unexpected 
electrocyclic ring closures in the reactions of 2-(2-pyrrolidinyl)-substituted 
heteroaromatic systems with acetylenic sulfones 
 
Reference: Weston, M. H.; Parvez, M.; Back, T. G. J. Org. Chem. 2010, 75, 5402 
Comment: During the Conjugate additions, aza-Cope, and dissociative rearrangements 
reactions of 2-(2-pyrrolidinyl)-substituted heteroaromatic systems with acetylenic 












Transannular metal catalyzed cyclization 
Title: Total synthesis of rhazinilam: axial to point chirality transfer in an enantiospecific 
Pd-catalyzed transannular cyclization 
 
Reference: Gu, Z.; Zakarian, A. Org. Lett. 2010, 12, 4224 
Comment: enantiospecific Pd-catalyzed transannular cyclization afforded the core of 
the rhazinilam natural product. The transannular cyclization proceeded through transfer 
of an axial-to-point chirality with high enantiospecificity. 
 
Title: Total synthesis of coralloidolides A, B, C, and E 
 
Reference: Kimbrough, T. J.; Roethle, P. A.; Mayer, P.; Trauner, D. Angew. Chem. Int. 
Ed. 2010, 49, 2619 
Comment: Furanocembranoids, coralloidolides B and C were synthesized without 
recourse to protecting-group chemistry. Scandium triflate in its hydrated form was used 
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to convert the coralloidolide E to coralloidolide B via transannular epoxide opening. 
And the other cembranoids coralloidolide A, C, E synthesis was also explored. 
 
 
Title: A new construction of 2-alkoxypyrans by an acylation−reductive cyclization 
sequence 
 
Reference: Heumann, L. V.; Keck, G. E. Org. Lett. 2007, 9, 1951 
Comment: The diastereomer of iriomoteolide-1a was synthesized by enantioselective 










Title: Total synthesis of bryostatin 16 using a Pd-catalyzed diyne coupling as 
macrocyclization method and synthesis of C20-epi-bryostatin as a potent anticancer 
agent 
 
Reference: Trost, B. M.; Dong, G. J. Am. Chem. Soc. 2010, 132, 16403 
Comment: In the presence of cationic gold catalyst [AuCl(PPh3)], alkyne group coupled 
with metal and underwent cyclization to obtain THP group in the macrocycle. 
 
Title: Palladium and rhodium-catalyzed intramolecular [2+2+2] cycloisomerizations in 
molten tetrabutylammonium bromide 
 
Reference: Gonzalez, I.; Bouquillon, S.; Roglans, A.; Muzart, J. Tetrahedron Lett. 
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2007, 48, 6425 
Comment: The [2+2+2] cycloisomerization reaction in a transannular fashion of 
triacetylenic macrocycles in molten n-Bu4NBr using either the Wilkinson’s catalyst 
RhCl(PPh3)3, or PdCl2 leading to good yields of the corresponding cycloisomerized 
compounds. 
 
Title: A concise route to the C2-symmetric tricyclic skeleton of ryanodine 
 
Reference: Hagiwara, K.; Himuro, M.; Hirama, M.; Inoue, M. Tetrahedron Lett. 2009, 
50, 1035 
Comment: Hirama et al. synthesized the tricyclic core of the ryanodine using 
transannular cyclization as the key step.  The SmI2 mediated reductive coupling between 
two carbonyl groups in the 8-membered ring facilitates the C-C bond to deliver the tri 










Title: Toward the total Synthesis of vinigrol: synthesis of epi-C-8-dihydrovinigrol 
 
Reference: Gentric, L.; Le Goff, X.; Ricard, L.; Hanna, I. J. Org. Chem. 2009, 74, 9337 
Comment: Base/acid induced cyclization was noticed in the fused cyclic system to 
obtain the polycyclic system. 
 
Title: A multiproduct terpene synthase from medicago truncatula generates cadalane 
sesquiterpenes via two different mechanisms 
 
Reference: Garms, S.; Köllner, T. G.; Boland, W. J. Org. Chem. 2010, 75, 5590 
Comment: Boland et al. reported the enzymatic mechanistic pathways involved in the 
formation of sesquiterpene products using incubation experiments with deuterium-
containing substrates. Multiproduct terpene synthase 5 (MtTPS5) cyclized FDP to give 
the 10-mebered ring, which upon rearrangement followed by transannular cyclization 








Title: Allene synthesis via C-C fragmentation: Method and mechanistic Insight 
 
Reference: Kolakowski, R. V.; Manpadi, M.; Zhang, Y.; Emge, T. J.; Williams, L. J. J. 
Am. Chem. Soc. 2009, 131, 12910 
Comment: Mechanistic study and synthesis of allene via C-C bond fragmentation was 
studied in different cyclic systems by the Williams group. The transannular ring opening 
was observed in the macrocyclic allene formation when treated with TBAF. 
 
Title: 1,4,7-trimethyloxatriquinane: SN2 reaction at tertiary carbon 
 
Reference: Mascal, M.; Hafezi, N.; Toney, M. D. J. Am. Chem. Soc 2010, 132, 10662 
Comment: The authors studied the SN2 reaction at tertiary carbon and synthesized the 
1,4,7-trimethyloxatriquinane, a 3-fold tertiary alkyl oxonium salt. Three consecutive 
transannular ring closing and opening processes were noticed in their study of SN2 
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reaction at tertiary carbon. The mechanistic study was supported by computational 
modeling and the reaction kinetics. 
 
Title: Stability of medium-bridged twisted amides in aqueous solutions 
 
Reference: Szostak, M.; Yao, L.; Aube , J. J. Org. Chem. 2009, 74, 1869 
Comment: Series of bridged lactams that contain a twisted amide linkage were treated 
with acid or base under different solvent conditions to result ring expansion. The Aube 
group noticed that the amide bond cleaved due to transannular interaction across the ring 
to produce the macrocyclic amino acid. 
 
Title: Corey-Chaykovsky epoxidation of twisted amides: synthesis and reactivity of 
bridged spiro-epoxyamines 
 
Reference: Szostak, M.; Aube , J. J. Am. Chem. Soc. 2009, 131, 13246 
Comment: Aube et al. studied the Corey-Chaykovsky epoxidation on twisted amides. 
They synthesized the bridged amide systems through bridged aminoepoxides. The 
bridged amino epoxide undergoes nitrogen-assisted ring expansion via epoxide opening 
by iodide followed by bridge head C-N bond cleavage. Subsequent transannular 





Title: Proximity effects in nucleophilic addition reactions to medium-bridged twisted 
lactams: remarkably stable tetrahedral intermediates 
 
Reference: Szostak, M.; Yao, L.; Aube , J. J. Am. Chem. Soc. 2010, 132, 2078 
Comment: In this paper the authors studied proximity effects in the nucleophilic 
addition reactions of medium-bridged twisted lactam. Here, the organometallic (t-BuLi) 
addition to the tricyclic bridged amides to deliver the ring fragmentation product 























Macrocycles are the cyclic structures with medium (8-11 membered) and large (≥12) ring 
architecture. Macrocycle came from the term Macrolide minted by Woodward. Ever 
developing new methodologies are rapidly increasing to construct the macrocycles since 
they are found to be useful for biologically active macrocyclic natural products (e.g. 
macrolide, antibiotics, alkaloids and terpenes) and polycyclic natural products which can 
be synthesized in transannular fashion. The key difficulty in macrocycle formation is 
overcoming enthalpic and entropic barriers those eventually lead to lower the yields. In 
medium rings, the entropic factor is overbalanced by the enthalpic factor from strain 
energy to the ring, but for the intramolecular reaction in the large rings the entropic factor 
is increased while the enthalpic factor has decreased due to strain free energy to form 
ring. Hence the cyclizations of medium rings are more difficult due to enthalpic and 
entropic factors and the other major problem in the macrocyclization is the competition 
between intra and intermolecular reactions. Preorganization of macrocycles compared 
with linear structures is the key to their efficiency.  
In the total synthesis of macrocyclic natural product skeletons, different kinds of 
synthetic strategies have been developed. They are ring closing reactions e.g. 
macrolactonization, macrolactamization, RCM; ring enlargement reactions for instance it 
is of two types: ring expansion and ring fragmentation by cleavage of the bridged bond in 
a bicycle. And lastly, ring contraction is another better strategy which form medium rings 
from larger rings e.g. base induced intramolecular acyl transfer reactions. Among all 
these strategies the ring closing methods are particularly effective in the presence of 
selective complex agents and dilution technique is mostly used in the total synthesis to 
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achieve the intramolecular reactions in competition with intermolecular reactions, which 
is based on Ruggli-Ziegler dilution principle i.e. ‘With increasing dilution, the formation 
of cycles is favored at the expense of oligomerization’ i.e. upon dilution the rate of 
intermolecular reactions diminishes faster than the rate of intramolecular reactions hence 
dilution favors the intramolecular reaction (substrate is slowly added using a syringe 




Reference: Barbazanges, M.; Meyer, Christophe.; Cossy. J. Org. Lett. 2008, 10, 4489 
Comment: In amphidinolide synthesis, Mixed anhydride is formed when seco-acid is 
treated with Yamaguchi reagent 2,4,6-trichlorobenzoyl chloride in the presence of 
triethylamine, which is diluted with toluene and slowly added to a highly dilute solution 








Reference: Schweitzer, D.; Kane, J.J.; Strand, D.; McHenry, P.; Tenniswood, M.; 
Helquist, P. Org. Lett. 2007, 9, 4619 
Comment: Intermolecular Stille coupling between vinyl iodide derivative and organo 
stannane derivative using Pd(PPh3)4, CuCl yielded seco-acid, which was then 
transformed to functionalized macrocycle with diluted DMAP and MNBA. Finally 




Reference: Das, S.; Abraham, S.; Sinha, S. C. Org. Lett. 2007, 9, 2273 
Comment: The seco-acid in combination with Mukaiyama reagent (pyridinium salt, 2-
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chloro-1-methyl-pyridinium iodide) gave the pyridinium ester in the presence of triethyl 
amine in acetonitrile while activating the acid group. Subsequently, nucleophilic ‘OH’ 




Reference: Sasaki, T.; Inoue, M.;Hirama, M. Tetrahedron Lett. 2001, 42, 5299 
Comment: In Corey-Nicolaou method, the hydroxyl-acid is efficiently activated by 2,2′-
dipyridyl disulfide (PyS-PyS) in the presence of triphenylphosphine (PPh3) to 2-pyridine 
thioester. Intramolecular proton transfer from hydroxyl group to carbonyl in thioester by 
nitrogen of the pyridine nucleus forms dipolar intermediate, which leads to 























Reference: Hunter, T. J.; O’Doherty, G. A. Org. Lett. 2002, 4, 4447 
Comment: The skeletal framework of the colletodiol was assembled using 
intermolecular lactonization under Yamaguchi conditions. Deprotection of silyl group 
and hydrolysis of the methyl ester affords the linear precursor, which was treated with 
DCC in the presence of DMAP under dilute conditions (Keck method) to yield the 14-
membered macrolactone, Finally deprotection of acetonide group gave the desired natural 







Reference: Paterson, I.; Savi, C. D.; Tudge, M. Org. Lett. 2001, 3, 213 
Comment: In this method alcohol gets activated by diethyl azodicarboxylate (DEAD) in 
the presence of PPh3 and undergoes intramolecular SN2 reaction to generate macrocyclic 
lactone with inversion of configuration at alcohol center. 
The macrocycle precursor was effectively synthesized using aldol coupling as the key 
step. Macrolactonization under Mitsunobu conditions proceeded to the 18-membered 
macrocycles in 1:3 ratio; subsequent manipulations in macrocycle afforded laulimalide 





























Reference: a) Kita, Y.; Maeda, H.; Omori, K.; Okuno, T.; Tamura, Y. J. Chem. Soc. 
Perkin. Trans. 1993, 1, 2999 b) Kim, C. H.; An, H. J.; Shin, W. K.; Yu, W.; Woo, S. K.; 
Jung, S. K.; Lee, E. Chem. Asian J. 2008, 3, 1523 
Comment:  
Ruthenium ([RuCl2(p-cymene)]2) catalyzed Kita reaction between seco-acid and 
ethoxyacetylene in toluene activates the carboxylic acid to ethoxyvinyl esters, which 
cyclizes to macrolactone in the presence of camphorsulfonic acid under dilute conditions 
by releasing carbon dioxide and ethanol as side products. This method mostly used for 
base sensitive reactions. 
 
Macrolactamization 
Amines are better nucleophiles than alcohols hence making macrocycles are easier than 
macrolactonization. Normal peptide bond synthesizing methods are useful to synthesize 
the macrolactams. Solid phase peptide synthesis using highly active coupling agents such 
as HATU, PyBOP and FDPP has also been developed. Mukaiyama, Keck, Mitsunobu 
macrocyclization methods also used to construct the cyclic amides. 
 
Reference: Nicolaou, K.C.; Lizos, D. E.; Kim, D. W.; Schlawe, D.; de Noronha, R. G.; 
Longbottom, D. A.; Rodríguez, M.; Bucci, M.; Cirino, G. J. Am. Chem. Soc. 2006, 128, 
4460 
Comment: The cyclic peptide framework of halipeptin A was synthesized by the 
Nicolaou group using combination of HATU and HOAt in DCM under dilute conditions. 











Reference: Paquette, L. A.; Efremov, I. J. Am. Chem. Soc. 2001, 123, 4492 
Comment: In the mechanism of metathesis, metal carbene species reacts 
intermolecularly with one of the terminal alkenes and participates in consecutive [2+2] 
cycloaddition reaction and concommitant retro [2+2] reaction to give terminal metal 
alkylidene. In the second intramolecular event, the similar [2+2] and retro [2+2] additions 
with another terminal alkene generate the new double bond as internal alkene forming a 
cyclic system. 
Reference: Furstner, A.; Thiel, O. R.; Blanda, G. Org. Lett. 2000, 2, 3732 
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Comment: The dialkene linear core of the macrocycle has been synthesized under r 
Mitsunobu conditions (DEAD/PPh3) of esterification. When dialkene was treated with 
5mol% Grubbs 1st generation catalyst in toluene at 80ºC desired 12-membred ring was 




Reference: Mori, M.; Kitamura, T.; Sakakibara, N.; Sato, Y. Org. Lett. 2000, 2, 543 
Comment: The enyne-metathesis is the bond reorganization of alkene and alkyne for the 
construction of 1,3-diene systems in stereoselective manner. Enyne metathesis is an atom 
economical reaction and is driven by enthalpic rather than entropic factors. In this 
mechanism, metal carbene species can catalyze with either alkene or alkyne, but the final 
outcome will be the same 
Reference: Trost, B. M.; Chisholm, J. D.; Wrobleski, S. T.; Jung, M. J. Am. Chem. Soc. 
2002, 124, 12420 
Comment: The linear core was synthesized using Kita protocol intermolecularly. The 
macrocyclization was catalyzed with 10 mol% Ru(II), CpRu(MeCN)3PF6 to macrocyclic 
conjugate system in 58% yield. Eventually, deprotecting the acetal furnished the 20-








Reference: Furstner, A.; Grela, K. Angew. Chem. Int. Ed. 2000, 39, 1234 
Comment: Similar to that of olefin metathesis, ruthenium and molybdenum catalysts 
have been used to promote alkyne metathesis in diverse synthetic applications. The 
dialkyne complex was treated with molybdenum catalyst in DCM/toluene at 80 ºC to 
establish the desired cycloalkyne in 73% yield. Further alkyne reduction to cis alkene, 





















Other C=C bond formation reactions 
HWE method: 
Reference: Keck, G. E., Wager, C. A.; Wager, T. T.; Savin, K. A.; Covel, J. A; McLaws, 
M. D.; Krishnamurthy, D.; Cee, V. J. Angew. Chem. Int. Ed. 2001, 40, 23 
Comment: Horner-Wadsworth-Emmons reaction is notably known for carbon-carbon 
double bond formation intermolecularly, and serves as a ring closure method, generally to 
construct the macrocyclic alkenes. Phophonate derivative was treated with lithium 
chloride under basic conditions i.e. diisopropyl ethyl amine at room temperature to gives 
the macrolactone core in 81% yield. Eventual deprotection of MEM ether using 
bromodimethyl borane afforded the 16-membered ring system rhizoxin D. 
McMurry method: 
Reference: Liu, Z.; Zhang, T.; Li, Y. Tetrahedron Lett. 2001, 42, 275 
Comment: McMurry method is titanium induced intramolecular coupling reaction 
between two carbonyl groups to give macrocyclic alkene. Dicarbonyl compound was 
treated under influence of TiCl4 with zinc in the presence of pyridine to give macrocyclic 
pinacol by dimerization of dicarbonyl compound. Subsequent titanium induced 





Reference: a) Lam, H. W.; Pattenden, G.; Angew. Chem. Int. Ed. 2002, 41, 508 b) 
Pattenden, G.; Sinclair, D. J.; J. Organometallic. Chem. 2002, 653, 261 
Comment: Stille coupling reaction between an organostannane reagent and an organic 
electrophile using palladium(0) formed carbon-carbon bond to get 1,3 diene systems. The 
18-membered macrocycle has been synthesized using two consecutive inter and 
Intramolecular Still coupling reactions. 

























Reference: Gagnon, A.; Danishefsky, S. J. Angew. Chem. Int. Ed. 2002, 41, 1581 
Comment: Suzuki coupling is palladium mediated carbon-carbon single bond formation 
reaction and is quite a smooth method to synthesize macrocyclic natural products. Pd 
catalysis of borane-vinyl iodide facilitates sp3-sp2 coupling, followed by oxidation results 






Reference: MacMillan, D. W. C.; Overman, L. E.; Pennington, L. D. J. Am. Chem. Soc. 
2001, 123, 9033 
Comment: Nozaki-Hiyama-Kishi conditions reduce alkenyl halide with CrCl2 to give 
organochromium species that adds selectively to aldehyde via C-C bond formation to 
give the macrocyclic alkene moiety. NHK reaction is impressive and powerful reaction 




















General techniques and methods 
All non-aqueous reactions were performed in flame dried glassware under nitrogen or 
argon atmosphere unless stated otherwise. All solvents used in the reactions were purified 
before use. Dichloromethane (CH2Cl2) was distilled over CaH2 and dry diethyl ether 
(Et2O), tetrahydrofuran (THF) was distilled from sodium/benzophenone. All 
commercially available compounds were used as received without further purification. 
4Å molecular sieves were activated by heating at 120-140 °C under high vacuum for 4h 
before storing in a dry desiccator. The reactions were monitored by thin layer 
chromatography (TLC) carried out on 0.25 mm 2E Merck silica gel plates (60F-254) 
under 254 nm UV lamp and stained by aqueous ceric ammonium molybdate solution or 
KMnO4 solution. Flash chromatography was performed on silica gel 60 (0.040 – 0.063 
mm). 1H and 13C NMR spectra were recorded on Bruker ACF (300 MHz) and Bruker 
AMX500 (500 MHz) NMR spectrometer at ambient atmosphere. 2D NMR was 
performed on Bruker AMX500 (500 MHz) NMR spectrometer. Chemical shifts are 
reported in δ (ppm) and calibrated using residual undeuterated solvents as an internal 
reference. The following abbreviations were used to explain the multiplicities: s=singlet, 
d=doublet, t=triplet, q=quartet, dd=doublet of doublt, dt=doublet of triplet, td=triplet of 
doublet, m=multiplet, br=broad. 1H NMR coupling constants (J) are reported in Hertz 
(Hz), Mass spectra were obtained on Finnigan MAT95XL-T and Micromass VG7035 
double focusing mass spectrometer. High resolution ESI mass spectra were obtained on a 
Shimadzu LCMS-IT-TOF spectrometer. Infra-red spectra were recorded on Perkin-Elmer 




 To the stirred solution of L-tartaric acid 1.121 (10 g, 67.2 mmol) in 
methanol (4mL) added 2,2-dimethoxy propane (19mL, 155 mmol). To this solution p-
TSOH (0.04 g, 0.2 mmol) was added and heated the whole mixture on an oil bath slowly 
while stirring until it turns to red color. Another 10 mL of dimethoxy propane and 
cyclohexane (45 mL) was added and immediately connected to Dean-Stark apparatus. 
Increased the temperature and heated to reflux while removing the acetone–cyclohexane 
and methanol–cyclohexane azeotropes for 2days. The whole mixture was cooled to room 
temperature, extracted with NaHCO3 and ether. Combined organic fractions were washed 
with brine, dried over anhydrous Na2SO4, solvents were removed under reduced pressure 
and the crude residue was purified by flash column chromatography (gradient 20% 
EtOAc/hexanes) to afford dimethyl 2,3-O-isopropylidene-L-tartrate. 1.122 (60%). 1H 
NMR (CDCl3, 500 MHz): δ 4.79 (s, 2H), 3.81 (s, 6H), 1.48 (s, 6H); 13C NMR (CDCl3, 




OH  To a solution of di ester 1.122 (10.0 g, 40.6 mmol) in anhydrous 
THF/methanol (1/1:100 mL) was slowly added sodium borohydride (4.62 g, 121.82 
mmol, 3 eq.) at 0 °C. The reaction temperature was allowed to rise to room temperature. 
After the reaction mixture was stirred for 8 hours, it was concentrated under reduced 
pressure. Water (400 mL) was added and extraction with ethyl acetate (2 x 200 mL), 
dried over anhydrous Na2SO4, filtered, and concentrated to give pale yellow oil of diol in 
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87% yield. 1H NMR (CDCl3, 500 MHz): δ 1.42 (s, 6 H), 3.72 (m, 4 H), 3.90 (m, 2 H); 
13C NMR (CDCl3, 125 MHz): δ 26.6, 61.78, 78.20, 109.32. 
 To a solution of NaH (2.2 g of 60% dispersion in mineral oil, 55.2 
mmol, 3 eq. washed 2x with dry hexane) in 300 mL of dry THF was added a solution of 
diol (3.5 g, 18.4 mmol) in THF (50 mL) dropwise to a suspension of NaH in THF. The 
mixture was stirred at room temperature for 30 min and then a solution of benzyl bromide 
(3.77 g, 22 mmol, 1.2 eq.) in 50 mL of THF was added at 0 °C. Then mixture was 
warmed to room temperature, stirred for 12 h and water (100 mL) was added, extracted 
3x with 200 mL portions of diethyl ether. The combined organic layers were washed with 
brine, dried over anhydrous sodium sulfate, and the solvent was removed under vacuum. 
The residue was column chromatographed using 1:1 hexanes/ethyl acetate to give the 
benzyl ether 1.123 as clear oil (82%). 1H NMR (CDCl3, 500 MHz): δ 7.32 (m, 5H), 4.58 
(s, 2H), 4.12 (td, 1H), 3.96 (td, 1H), 3.55 (dd, 1H), 3.77 (dd, 1H), 3.69 (m, 2H), 1.42 (s, 
3H), 1.41 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 137.5, 128.4, 127.8, 127.7, 109.3, 
79.6, 76.5, 73.7, 70.3, 62.4, 26.9, 26.9. 
 DMSO (4.2 mL, 59.4 mmol, 3 eq.) was added slowly at -78 °C to a 
solution of oxalyl chloride (3.64 g, 24.0 mmol, 1.45 eq.) in 100 mL of CH2C12. After the 
reaction subsided (15 min), alcohol 1.123 (5.0 g, 19.8 mmol) in 20 mL of CH2Cl2 was 
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added dropwise over 15 min. After stirring the reaction mixture for 1.5 h at -78 °C, 
triethylamine (13.8 mL, 99.0 mmol, 5 eq.) was added dropwise, and then the reaction 
mixture was warmed slowly to 0 °C. The layers were separated after the addition of water 
(100 ml) and the aqueous layer was extracted with CH2Cl2 (2 x 50 mL). The combined 
organic extract was dried with Na2SO4 and concentrated to give the crude aldehyde. 1H 
NMR (CDCl3, 500 MHz) δ 9.76 (d, 1H, J=1.9 Hz), 7.3-7.5 (m, 5H), 4.6 (s, 2H), 4.4-4.2 
(m, 2H), 3.8-3.6 (m, 2H), 1.49 (s, 3H), 1.42 (s, 3H); 13C NMR (CDCl3, 125 MHz) δ 
200.76, 138.2, 128.43, 128.10, 127.68, 82.03, 76.10, 73.63, 69.89, 26.83, 26.20. 
 An oven dried 250 ml flask was charged with 10 ml of dry 
methanol and methyl (triphenylphosphoranylidene) acetate (9.94 g, 29.7 mmol, 1.5 eq.) 
and cooled to 0 °C. The crude aldehyde was added slowly to the cooled solution and the 
resultant mixture is stirred for 2 h 0 °C. The solvent was removed on a rotary evaporator 
and the residue is dissolved in minimum dichloromethane and loaded onto the silica-gel 
column. The product was purified by hexane as the eluant to yield 5.2 g of cis, trans-
unsaturated ester 1.124 (1:3, 84%). 1H NMR (CDCl3, 500 MHz): δ 7.5-7.2 (m, 5H), 6.2 
(dd, 1H, J=11.67 Hz, 8.55 Hz), 5.9 (dd, 1H, J=11.67 Hz, 1.17 Hz), 5.4 (t, 1H, J=8.4 Hz, 
8.22 Hz), 4.6 (s, 2H), 3.67 (s, 3H), 1.5 (s, 3H), 1.4 (s, 3H); 13C NMR (CDCl3, 125 MHz): 
δ 168.42, 145.62, 138.32, 128.26, 127.71, 127.52, 122.49, 110.09, 80.37, 73.69, 73.46, 
70.45, 51.48, 26.91, 26.84; MS (ESI): calcd-306.1 found [M + Na] 329.1. 
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 To a solution of unsaturated ester 1.124 (100 mg, 1.68 mmol) in 
MeOH (10 mL) was added 10% Pd/C (10 mg, 10% by Wt.) and the solution was stirred 
under atmosphere of hydrogen for 6 hrs. Then Pd/C was filtered through a pad of celite, 
washed with methanol and concentrated. Residue was then purified by column 
chromatography (eluant: 5:1 hexane/ethyl acetate) to provide saturated ester as colorless 
oil (70%). 1H NMR (CDCl3, 500 MHz): δ 7.34-7.27 (m, 5H), 4.60 (d, 2H, J=2.5 Hz), 
3.86 (m, 2H), 3.68 (s, 3H), 3.58 (m, 2H), 2.57-2.42 (m, 2H), 2.05-1.99 (m, 1H), 1.89-1.82 
(m, 1H), 1.41 (s, 3H), 1.40 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 173.61, 137.96, 
128.39, 128.37, 127.68, 127.67, 127.63, 109.02, 79.69, 77.51, 73.57, 70.46, 51.57, 30.38, 






 To a solution of ester (2.0 g, 6.48 mmol) in anhydrous THF (20 
mL) at 0 °C was added LAH (246 mg, 6.48 mmol) and the solution was warmed to room 
temperature over 12 hrs. The mixture was quenched with dropwise addition of water (0.3 
mL) followed by 16% aqueous NaOH (1.2 mL) and water (0.3 mL) at 0 °C. The mixture 
was allowed to warm to room temperature and stirred for an hour. To the mixture was 
added anhydrous Na2SO4, and after being stirred for 30 min, it was filtered. The cake was 
washed with THF and the filtrate was concentrated. The crude product was purified by 
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flash chromatography (ethyl acetate/ hexane = 1:1) to give the alcohol as colorless oil 
1.125 (65%). 1H NMR (CDCl3, 500 MHz): δ 7.36-7.30 (m, 5H), 4.60 (d, 2H, J=2.55 Hz), 
3.86 (m, 2H), 3.68 (m, 2H), 3.58 (m, 2H), 1.82-1.69 (m, 3H), 1.66-1.60 (m, 1H), 1.44 (s, 
3H), 1.42 (s, 3H); 13C NMR (CDCl3, 125 MHz): δ 137.90, 128.34, 128.31, 127.65, 
127.61, 127.58, 108.86, 79.95, 78.38, 73.52, 70.36, 62.54, 29.81, 29.37, 27.22, 26.97. 
 
  To a solution of unsaturated mono alcohol 1.125 (180 mg, 0.64 
mmol) in THF (20 mL) was added 10% Pd/C (15 mg, 10% by Wt.) and the solution was 
stirred under atmosphere of hydrogen for overnight at room temperature. Then Pd/C was 
filtered through a pad of celite, washed with methanol and concentrated, obtained the 105 
mg of diol 1.127  
To the stirring solution of diol 1.127 (105 mg, 0.55 mmol) in dry DCM (10 mL) was 
added imidazole (75 mg, 0.84 mmol). The resulting contents were cooled to 0 °C, TBSCl 
(100 mg, 0.66 mmol) was added, stirred for 30 min and slowly raised the temperature to 
room temperature, and the reaction stirring continued for 1 h. The reaction contents were 
diluted with DCM (15 mL), washed with H2O (15 mL) and layeres were separated. 
Aqueous layer was extracted with DCM (2x15 mL), combined organic fractions were 
washed with brine (20 mL), dried over anhydrous Na2SO4, solvents were removed under 
reduced pressure and the crude residue was purified by flash column chromatography 
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(gradient 5-10% EtOAc/ hexanes) to afford mono protected TBS ether 1.128 (100 mg, 
76%) as a colorless syrup (recovered 30mg of di protected TBS ether 1.129). 1H NMR 
(CDCl3, 500 MHz): δ 5.26 (s, OH), 3.86-3.84 (m, 2H), 3.726 (t, 2H, J=3.78Hz), 3.60 (dd, 
2H), 1.67-1.57 (m, 4H), 1.38 (s, 3H), 1.37 (s, 3H); 0.86 (s, 9H), 0.02 (s, 6H) 13C NMR 
(CDCl3, 125 MHz): δ 108.54, 81.51, 76.75, 62.75, 62.06, 29.33, 28.98, 27.27, 26.96, 
25.86, 18.24, -5.39. 
 
 In a round bottom flask oxalyl chloride (183.4 mg, 1.44 mmol) in 
DCM (6 mL) was taken and cooled to -78 ºC and added DMSO (74.98 mg, 0.96 mmol) 
to this solution and stirred for 5min. The solution of alcohol 1.128 (200 mg, 0.66 mmol) 
in DCM (6 mL) was added at the same temperature and stirred for 30min and slowly 
added Et3N (665.2 mg, 6.58 mmol) into the whole reaction mixture stirred for 5 min, 
warmed the reaction mixture to 0 ºC. In a separate round bottom flask prepared the 
solution of CBr4 (872 mg, 2.62 mmol), PPh3 (1379.2 mg, 5.26 mmol) in DCM (3 mL) at 
0 ºC. Added this solution to the reaction mixture at 0 ºC and stirred for 3h at the same 
temperature. The reaction mixture was washed with saturated NaHCO3 solution and brine 
solution, dried over Na2SO4 and concentrated under reduced pressure. The residue was 
purified by flash column chromatography on silica gel (gradient 20% EtOAc/hexanes) to 
give a colorless oil of dibromoalkene 1.130 (200 mg) in 68% yield. 1H NMR (CDCl3, 500 
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MHz): δ 6.37 (d, H, J=7.95Hz), 4.22 (t, H, J=6 Hz), 3.8-3.6 (m, H), 3.6-3.5 (m, 2H), 1.8-
1.4 (m, 4H), 1.82-1.69 (m, 3H), 1.34 (s, 3H), 1.33 (s, 3H); 0.86 (s, 9H), 0.02 (s, 6H); 13C 
NMR (CDCl3, 125 MHz): δ 135.79, 109.36, 93.82, 80.73, 79.74, 62.67, 28.89, 28.32, 
27.19, 26.72, 25.90, 18.28, -5.32. 
  The dibromoalkene 1.130 (125mg) in THF (10 mL) was taken in a 
round bottom flask, added n-BuLi (1.6M in hexane, 0.54 mL, 082 mmol) at -78 ºC and 
stirred for 1 h. Water was added and the aqueous layer was extracted with ethylacetate. 
Combined organic fractions were washed with brine, dried over anhydrous Na2SO4, 
solvents were removed under reduced pressure and the crude residue was purified by 
flash column chromatography (gradient 30% EtOAc/hexanes) to afford alkyne fragment 
1.120 (80 mg) in quantitative yields. 1H NMR (CDCl3, 500 MHz): δ 4.21 (dd, H, 
J=2.1Hz), 4.06-4.02 (m, H, J=2.55 Hz), 3.64 (t, 2H, J=5.64), 2.50 (d, H, J=1.95), 1.72-
1.65 (m, 4H), 1.66-1.60 (m, 1H), 1.44 (s, 3H), 1.39 (s, 3H), 0.88 (s, 9H), 0.04 (s, 6H); 13C 
NMR (CDCl3, 125 MHz): δ 109.91, 81.35, 80.82, 74.57, 70.26, 62.61, 28.76, 28.68, 
















































































































































































*** Acquisition  Parameters ***
BF1 :    300.1300000 MHz
LOCNUC : 2H
NS :              8
O1 :        1853.43 Hz
PULPROG : zg30
SFO1 :    300.1318534 MHz
SOLVENT : CDCl3
SW :        17.9519 ppm
*** Processing Parameters ***
LB :           0.30 Hz
PHC0 :         66.096 degree
PHC1 :         -5.265 degree
















































































































































































*** Acquisition  Parameters ***
BF1 :     75.4677490 MHz
LOCNUC : 2H
NS :            113
O1 :        7924.11 Hz
PULPROG : zgpg30
SFO1 :     75.4756731 MHz
SOLVENT : CDCl3
SW :       238.2968 ppm
*** Processing Parameters ***
LB :           1.00 Hz
PHC0 :         28.434 degree





























 C                    -2.43488   0.90508  -0.55976  
 C                    -3.93318   1.3873   -0.58378  
 C                     3.29077  -1.13603  -0.04426  
 C                     4.24018  -0.46172   0.98717  
 H                     3.52645  -2.19265  -0.22847  
 H                     4.89008  -1.13287   1.55514  
 C                     1.89918  -0.91675   0.55262  
 H                     1.78441  -1.683     1.3318  
 O                     3.46075  -0.36544  -1.22896  
 O                     5.03498   0.42201   0.21845  
 C                     4.74531   0.25832  -1.17403  
 C                     5.80657  -0.63654  -1.82146  
 H                     5.59103  -0.77683  -2.88555  
 H                     6.79774  -0.18441  -1.71739  
 H                     5.82671  -1.61931  -1.33911  
 C                     4.64778   1.62839  -1.82787  
 H                     5.60846   2.14714  -1.75908  
 H                     4.37747   1.52652  -2.88337  
 H                     3.88655   2.2268   -1.32048  
 C                    -0.53366  -1.87562   0.03563  
 H                    -0.56794  -2.78643  -0.57638  
 C                    -1.92528  -1.20021  -0.03124  
 C                    -2.36165  -0.45527  -1.31833  
 H                    -1.70934  -0.52129  -2.19096  
 C                    -4.5926    1.45445   0.79555  
 H                    -4.02809   2.11101   1.46464  
 H                    -5.61383   1.84843   0.70147  
 H                    -4.66085   0.46611   1.25884  





 O                     3.43255   0.21544   1.92438  
 C                    -4.6481    0.37767  -1.5321  
 H                    -5.69017   0.18167  -1.25714  
 H                    -4.63707   0.81214  -2.53893  
 C                    -1.96888   0.1754    0.68614  
 C                    -1.25245   0.39061   1.81164  
 H                    -1.82092   1.72517  -0.93944  
 C                    -3.09123  -2.11173   0.30947  
 O                    -3.14591  -2.95358   1.17021  
 C                    -3.81681  -0.90258  -1.56594  
 O                    -4.16594  -1.802    -0.47979  
 H                    -3.95857  -1.46865  -2.49135  
 H                    -4.79693   3.06168  -1.12387  
 C                     0.68569  -0.99444  -0.42259  
 H                     1.04752  -1.37689  -1.38267  
 H                     0.35302   0.02607  -0.6361  
 H                    -1.13326  -0.50197   2.42475  
 C                    -0.09837   1.29064   1.89209  
 C                     1.00839   0.59042   2.27312  
 H                     0.86105  -0.28901   2.90057  
 C                     2.14744   0.43324   1.32628  
 H                     2.20329   1.26171   0.60868  
 C                    -0.04477   2.59763   1.14117  
 H                    -0.12574   2.47417   0.05557  
 H                    -0.8779    3.24066   1.44667  
 H                     0.88664   3.12869   1.35339  
 O                    -0.35047  -2.33287   1.37811  





 C                    -3.56101   0.59288  -0.88217  
 C                    -4.76952   0.40573   0.10019  
 C                     3.11493  -1.1216    0.0237  
 C                     3.63985  -0.53812   1.37161  
 H                     3.18398  -2.21601  -0.03155  
 H                     3.82886  -1.26105   2.16964  
 C                     1.6847   -0.59014  -0.03797  
 H                     1.08898  -1.23806   0.61144  





 O                     4.85332   0.11048   1.02849  
 C                     5.17059  -0.13544  -0.34478  
 C                     6.19618  -1.26996  -0.4444  
 H                     6.43565  -1.47774  -1.49237  
 H                     7.11629  -0.99669   0.08164  
 H                     5.80207  -2.18517   0.00943  
 C                     5.65816   1.15697  -0.98307  
 H                     6.57663   1.49529  -0.49436  
 H                     5.86203   1.00109  -2.04698  
 H                     4.89475   1.93201  -0.87606  
 C                    -0.46134  -0.9585   -1.56531  
 H                    -0.75958  -0.6789   -2.58385  
 C                    -1.68065  -0.58715  -0.6598  
 C                    -3.07646  -0.81444  -1.32855  
 H                    -3.07805  -1.03524  -2.39747  
 C                    -4.4863    0.8186    1.54661  
 H                    -4.19264   1.87108   1.59698  
 H                    -5.39085   0.68296   2.15495  
 H                    -3.69513   0.21564   2.00079  
 O                    -5.82346   1.2234   -0.42983  
 O                     2.66766   0.36238   1.85493  
 C                    -5.11848  -1.10755  -0.03218  
 H                    -5.55063  -1.54189   0.87612  
 H                    -5.85231  -1.20532  -0.84138  
 C                    -2.15548   0.86268  -0.36192  
 H                    -3.88112   1.27485  -1.6751  
 C                    -1.77422  -1.4839    0.59634  
 O                    -0.93637  -1.68627   1.44163  
 C                    -3.84221  -1.82504  -0.4622  
 O                    -2.98983  -2.08702   0.67905  
 H                    -4.03273  -2.79128  -0.93809  
 H                    -6.56479   1.18645   0.19593  
 C                     0.98971  -0.42889  -1.40275  
 H                     1.57427  -0.94634  -2.17354  
 H                     1.01241   0.62813  -1.68943  
 C                    -0.14212   2.15443   0.28487  
 C                     0.48151   1.2214    1.03485  
 H                    -0.12177   0.52813   1.61352  
 C                     1.85587   0.74789   0.73769  
 H                     2.40955   1.46041   0.11283  
 C                     0.54422   3.28188  -0.45862  
 H                     0.53253   3.13226  -1.54673  
 H                     0.01012   4.22305  -0.2695  
 H                     1.58066   3.42044  -0.14162  
 C                    -1.57972   2.01632   0.01664  
 H                    -2.19559   2.91787  -0.02991  
 O                    -0.41372  -2.3877   -1.56397  








 C                    -2.31755   1.07642  -1.00011  
 C                    -3.772     1.58897  -0.76552  
 C                     3.24771  -0.60864  -0.50425  
 C                     4.1823   -0.49254   0.68884  
 H                     3.51752  -1.37023  -1.20549  
 H                     4.63286  -1.4274    0.95073  
 C                     1.92784  -0.79779   0.14929  
 H                     1.85982  -1.75529   0.62163  
 O                     3.37431   0.61747  -1.18208  
 O                     5.13069   0.49888   0.26496  
 C                     4.82461   0.58294  -1.13693  
 C                     5.34952  -0.6558   -1.88619  
 H                     5.07168  -0.5929   -2.91752  
 H                     6.41576  -0.69585  -1.80597  
 H                     4.92612  -1.53902  -1.45595  
 C                     5.44828   1.84027  -1.77061  
 H                     6.51376   1.79103  -1.68732  
 H                     5.17339   1.89303  -2.80334  
 H                     5.09048   2.71067  -1.26139  
 C                    -0.43364  -1.62429  -0.20256  
 H                    -0.32013  -2.61603  -0.58816  
 C                    -1.79236  -1.02235  -0.45243  
 C                    -2.4558   -0.36469  -1.66241  
 H                    -2.28827  -0.5502   -2.7028  
 C                    -4.06996   1.56875   0.74479  
 H                    -3.41263   2.24713   1.24702  
 H                    -5.08429   1.86536   0.91196  
 H                    -3.92029   0.57982   1.12447  
 O                    -3.99813   2.91388  -1.25399  
 O                     3.37662  -0.03888   1.83014  
 C                    -4.64058   0.58765  -1.58315  
 H                    -5.67658   0.61548  -1.31781  
 H                    -4.55774   0.78819  -2.63097  
 C                    -1.56282   0.25485   0.07628  
 C                    -0.73191   0.254     1.09869  
 H                    -1.67855   1.8745   -1.3157  





 O                    -2.807    -3.01404   0.60871  
 C                    -3.94882  -0.70197  -1.28627  
 O                    -4.06509  -1.04931   0.10674  
 H                    -4.3121   -1.5491   -1.82973  
 H                    -4.916     3.15612  -1.11035  
 C                     0.68282  -0.71524  -0.78896  
 H                     0.85471  -1.09427  -1.77448  
 H                     0.43206   0.32363  -0.84116  
 H                    -0.33999  -0.71873   1.31196  
 C                     2.18304   0.45712   1.17787  
 H                     2.40833   1.30078   0.56005  
 C                    -1.00061   2.47968   2.49632  
 H                    -0.93627   3.29479   1.80654  
 H                    -2.02402   2.18882   2.61042  
 H                    -0.6085    2.78316   3.44479  
 O                    -0.31676  -1.64346   1.22242  
 H                    -1.00879  -2.19656   1.5931  
 C                    -0.18406   1.28776   1.96168  
 C                     1.13972   1.09293   2.23869  





 C                     2.06915  -1.33267   0.41816  
 C                     3.52098  -1.62329   0.93277  
 C                    -3.38502   0.29754  -1.07513  
 C                    -4.12798   0.90496   0.13843  
 H                    -3.89976   0.45532  -2.03236  
 H                    -4.939     1.60204  -0.09137  
 C                    -1.9934    0.94098  -1.02298  
 H                    -2.06813   1.91477  -1.52842  
 O                    -3.30678  -1.09211  -0.76886  
 O                    -4.66734  -0.20486   0.83198  
 C                    -4.3596   -1.41843   0.13945  
 C                    -5.59722  -1.8995   -0.62395  
 H                    -5.37675  -2.82408  -1.16716  
 H                    -6.42239  -2.08517   0.07066  
 H                    -5.92046  -1.1411   -1.34454  





 H                    -4.61356  -2.68558   1.86821  
 H                    -3.5525   -3.367     0.61339  
 H                    -2.96731  -2.04566   1.65591  
 C                    -0.89241   0.1046   -1.69184  
 H                    -0.76981  -0.82705  -1.12945  
 H                    -1.26233  -0.19734  -2.67929  
 C                     0.46392   0.83155  -1.86904  
 H                     0.78331   0.75212  -2.91684  
 C                     1.62113   0.30738  -1.00837  
 C                     2.12715  -1.15644  -1.13109  
 H                     1.5492   -1.84884  -1.74549  
 C                     4.11375  -0.53448   1.83079  
 H                     3.49011  -0.38124   2.71643  
 H                     5.11588  -0.83549   2.16517  
 H                     4.21726   0.41963   1.30669  
 O                     3.42546  -2.84985   1.67267  
 C                    -1.84599   1.21019   0.49537  
 H                    -1.57781   0.26996   0.99546  
 O                    -3.17608   1.61252   0.89217  
 C                    -0.90617   2.30643   0.89699  
 H                    -1.31458   3.31189   0.79984  
 C                     4.34513  -1.82598  -0.37561  
 H                     5.39438  -1.52358  -0.28628  
 H                     4.31636  -2.89521  -0.61823  
 C                     1.46676   0.06824   0.50343  
 C                     0.94961   0.78788   1.50165  
 H                     0.99878   0.37558   2.5129  
 H                     1.41226  -2.12275   0.79276  
 C                     2.88561   1.14387  -1.25821  
 O                     2.97417   2.34617  -1.26919  
 C                     3.62243  -1.07108  -1.48782  
 O                     3.96578   0.33957  -1.45996  
 H                     3.87763  -1.43427  -2.48747  
 H                     4.29993  -3.02951   2.05428  
 C                     0.34162   2.14048   1.35784  
 C                     1.21771   3.30384   1.75802  
 H                     1.61472   3.16664   2.77294  
 H                     2.07705   3.38052   1.08067  
 H                     0.66578   4.2489    1.73007  
 O                     0.3309    2.23147  -1.60934  








 C                    -2.57917  -1.78728   0.38336  
 C                    -3.41281  -0.50058   0.26988  
 C                     4.88506   0.71545  -0.78028  
 C                     5.47032  -0.65613  -1.22155  
 H                     5.27638   1.56566  -1.35391  
 H                     6.03239  -0.6639   -2.15939  
 C                     3.37608   0.51892  -0.93209  
 H                     3.15485   0.6658   -1.99881  
 O                     5.24671   0.82096   0.59265  
 O                     6.32517  -1.03984  -0.16029  
 C                     6.4012    0.00806   0.81239  
 C                     7.68159   0.82084   0.59782  
 H                     7.74547   1.63381   1.32815  
 H                     8.56053   0.17774   0.7058  
 H                     7.69733   1.25534  -0.40705  
 C                     6.31142  -0.59569   2.20585  
 H                     7.16464  -1.25639   2.38538  
 H                     6.31332   0.19508   2.9623  
 H                     5.39016  -1.17683   2.299  
 C                     2.43977   1.40208  -0.08626  
 H                     2.23195   0.89227   0.86101  
 H                     2.94203   2.33612   0.18804  
 C                     1.12098   1.72246  -0.83363  
 H                     1.2187    2.65914  -1.39378  
 C                    -0.13035   1.80503  -0.0082  
 C                    -0.58507   1.05733   1.0062  
 H                    -0.06481   0.25861   1.51837  
 C                    -3.2582    0.13702  -1.11448  
 H                    -3.61325  -0.56183  -1.87652  
 H                    -3.82049   1.07145  -1.18921  
 H                    -2.20875   0.35432  -1.32634  
 C                     3.26684  -1.00304  -0.65068  
 H                     3.43725  -1.16224   0.4205  
 O                     4.38374  -1.53981  -1.38678  
 C                     1.97305  -1.60382  -1.08688  
 H                     1.7807   -1.5466   -2.15897  




 C                     1.10785  -2.27018   1.21028  
 H                     0.25258  -1.84662   1.74686  
 H                     1.0877   -3.34883   1.41388  
 H                     2.02447  -1.86555   1.64214  
 C                    -3.11957   0.47867   1.45148  
 H                    -4.02502   1.07585   1.59904  
 H                    -2.99731  -0.12015   2.36251  
 C                    -1.47819  -2.08363  -0.25712  
 C                    -0.34277  -2.35019  -0.86795  
 H                    -0.36361  -2.75754  -1.88008  
 H                    -3.03036  -2.52575   1.04785  
 C                    -1.20133   2.78268  -0.35302  
 O                    -1.19902   3.6422   -1.20108  
 C                    -1.96537   1.49927   1.40223  
 O                    -2.27117   2.56608   0.47985  
 H                    -1.93192   1.95827   2.4021  
 O                     0.88903   0.71191  -1.81846  
 H                     0.92099   1.10436  -2.694  
 O                    -4.74756  -0.96562   0.48688  






 C                     0.        0.        0.  
 C                     1.53613   0.        0.  
 C                    -0.8253    7.28197   0.  
 C                    -2.34327   7.13715   0.30621  
 H                    -0.2207    7.49469   0.89095  
 H                    -2.62226   7.12113   1.36385  
 O                    -0.75472   8.36252  -0.92293  
 O                    -2.94784   8.24958  -0.32662  
 C                    -1.94011   9.14987  -0.79321  
 C                    -1.72868   10.27279   0.22695  
 H                    -0.94541   10.95676  -0.11489  
 H                    -2.65589   10.83721   0.36646  
 H                    -1.4294    9.86081   1.19639  
 C                    -2.33262   9.66554  -2.16926  
 H                    -3.26376   10.2363  -2.10624  
 H                    -1.54764   10.31539  -2.56793  




 C                     0.7135    5.99355  -1.66861  
 H                     0.4774    5.38142  -2.54794  
 H                     0.81775   7.01762  -2.0379  
 C                     2.0573    5.52635  -1.07515  
 H                     2.88411   6.03618  -1.58942  
 C                     2.3576    4.05401  -1.16055  
 C                     1.72088   3.02136  -1.73264  
 H                     0.75584   3.0331   -2.22204  
 C                     2.02175   0.87645   1.16648  
 H                     1.59215   0.51136   2.10462  
 H                     3.11233   0.86832   1.24739  
 H                     1.70346   1.91329   1.02575  
 O                     3.75774   2.20658  -0.95784  
 C                     2.61672   1.8103   -1.74794  
 H                     2.98498   1.70728  -2.78244  
 C                     2.14636   0.39176  -1.38208  
 H                     3.03804  -0.22851  -1.50274  
 H                     1.44905   0.07295  -2.16507  
 C                    -0.78232   0.78481  -0.69006  
 C                    -1.51964   1.67389  -1.32345  
 H                    -0.42702  -0.73314   0.68504  
 H                    -1.87287   1.47328  -2.33613  
 C                    -1.76556   3.02007  -0.75937  
 C                    -1.73493   3.13606   0.74606  
 H                    -2.38878   2.37492   1.18747  
 H                    -0.72873   2.94491   1.1392  
 H                    -2.07447   4.11547   1.07876  
 C                    -1.9106    4.05787  -1.60856  
 H                    -1.944     3.8373   -2.67503  
 C                    -0.46476   5.94987  -0.67772  
 H                    -0.23833   5.2348    0.12134  
 C                    -1.83417   5.52361  -1.26983  
 H                    -2.03564   6.11096  -2.17721  
 O                    -2.77268   5.91653  -0.24665  
 C                     3.65531   3.5392   -0.63616  
 O                     4.51486   4.1312   -0.02917  
 O                     2.18147   5.94696   0.28594  
 H                     2.8611    6.62175   0.35209  
 O                     1.86805  -1.3739    0.21712  










 C                    -0.9913   -1.57413  -1.52468  
 C                    -2.15069  -1.06682  -1.85615  
 H                    -2.85266  -1.65575  -2.44779  
 C                     0.19932  -1.98817  -1.14376  
 H                     1.06113  -1.78469  -1.77792  
 C                     0.4666   -2.71417   0.11886  
 C                     1.64073  -2.6195    0.77402  
 H                     1.74655  -3.20407   1.68603  
 C                     2.81376  -1.72771   0.46534  
 H                     3.63032  -1.97396   1.15765  
 C                     2.54183  -0.2046    0.52684  
 H                     1.67403  -0.02201  -0.11628  
 O                     3.29981  -1.90149  -0.88924  
 C                     3.76447   0.34407  -0.21139  
 H                     3.59457   1.30629  -0.71077  
 C                     4.13749  -0.81177  -1.18708  
 H                     4.02731  -0.59759  -2.25418  
 C                     2.25424   0.3732    1.91282  
 H                     1.44414  -0.21392   2.36512  
 H                     3.13446   0.25218   2.55377  
 O                     4.89057   0.42986   0.66534  
 O                     5.49888  -1.09905  -0.89536  
 C                     5.98767  -0.06099  -0.06958  
 C                     1.85743   1.86585   1.89604  
 H                     1.62498   2.17755   2.92315  
 C                     0.69982   2.19414   0.99223  
 C                    -0.5059    1.62934   0.84072  
 H                    -0.92582   0.79096   1.382  
 C                    -1.24788   2.28316  -0.29246  
 H                    -2.18595   2.74312   0.03658  
 C                    -1.47762   1.37716  -1.51691  
 H                    -1.67784   2.03982  -2.36516  
 H                    -0.529     0.87879  -1.73069  
 C                    -2.63172   0.32937  -1.40893  
 C                    -3.80135   0.7681   -2.30417  
 H                    -4.6307    0.05376  -2.25834  




 H                    -3.47735   0.83745  -3.34845  
 O                    -0.36544   3.34549  -0.72112  
 C                    -0.649    -3.57741   0.65808  
 H                    -1.55437  -2.98056   0.82636  
 H                    -0.91897  -4.36411  -0.05746  
 H                    -0.36898  -4.05023   1.60391  
 C                     0.80888   3.28508  -0.01722  
 O                     1.74348   4.01839  -0.2413  
 O                     2.96823   2.66507   1.48099  
 H                     3.27271   3.19842   2.21884  
 C                     7.03226  -0.63236   0.90713  
 H                     7.87348  -0.9978    0.35603  
 H                     7.35234   0.13764   1.57761  
 H                     6.59676  -1.43391   1.46637  
 C                     6.61348   1.05536  -0.92616  
 H                     6.77649   1.92152  -0.31945  
 H                     7.54749   0.71806  -1.3246  
 H                     5.95127   1.30214  -1.72957  
 O                    -3.04568   0.27736  -0.04115  





 C                    -2.18825  -1.3579    0.90796  
 C                    -3.20101  -0.26756   0.50368  
 C                     4.86235   0.57714  -0.59219  
 C                     5.52442  -0.81151  -0.74515  
 H                     5.37207   1.37406  -1.14957  
 H                     6.2563   -0.91367  -1.55124  
 C                     3.41136   0.36204  -1.03664  
 H                     3.38875   0.44697  -2.13205  
 O                     4.91521   0.82629   0.81026  
 O                     6.17108  -1.04902   0.48992  
 C                     5.99684   0.07405   1.36168  
 C                     7.27939   0.91041   1.38103  
 H                     7.15853   1.78019   2.03462  
 H                     8.11858   0.30872   1.74355  
 H                     7.52135   1.26318   0.37316  




 H                     6.38498  -1.03402   3.17253  
 H                     5.40202   0.42965   3.40825  
 H                     4.68046  -1.02111   2.66575  
 C                     2.40924   1.34842  -0.40893  
 H                     2.15082   0.98808   0.59235  
 H                     2.90006   2.31499  -0.24597  
 C                     1.14435   1.56183  -1.26263  
 H                     1.32648   2.31708  -2.03631  
 C                    -0.09801   1.93881  -0.51058  
 C                    -0.52321   1.63394   0.72207  
 H                     0.01909   1.11446   1.50224  
 C                    -3.19591  -0.0758   -1.01881  
 H                    -3.49863  -1.01021  -1.49971  
 H                    -3.87412   0.7252   -1.32666  
 H                    -2.19457   0.17384  -1.3764  
 C                     3.21958  -1.14099  -0.6693  
 H                     3.07404  -1.20643   0.41875  
 O                     4.49099  -1.72997  -1.00959  
 O                    -2.27157   2.74238  -0.33108  
 C                    -1.93628   2.10012   0.91609  
 H                    -1.97981   2.88161   1.68897  
 C                    -3.00647   1.05975   1.30388  
 H                    -3.961     1.59396   1.26228  
 H                    -2.84679   0.79371   2.3558  
 C                    -0.94765  -1.48644   0.51662  
 C                     0.32677  -1.55952   0.18562  
 H                    -2.61951  -2.10759   1.57234  
 H                     1.03377  -1.07292   0.857  
 C                     0.88974  -2.14835  -1.03855  
 C                     2.16875  -1.92182  -1.40623  
 H                     2.52424  -2.34398  -2.34457  
 C                    -0.03564  -2.96836  -1.90383  
 H                    -0.42218  -3.83256  -1.34946  
 H                    -0.90757  -2.38196  -2.21932  
 H                     0.47613  -3.33351  -2.79857  
 C                    -1.20347   2.66776  -1.19273  
 O                    -1.22913   3.13871  -2.30426  
 O                     0.84134   0.35965  -1.97526  
 H                     0.89248   0.5253   -2.91948  
 O                    -4.45139  -0.79676   0.95244  









 C                    -1.96665  -1.02214  -1.09764  
 C                    -0.97602  -0.82088   0.07677  
 C                    -2.1973    0.51353  -1.20305  
 H                    -1.59167  -1.55347  -1.97217  
 H                    -1.97246   0.98696  -2.16244  
 C                    -3.24796  -1.61135  -0.48425  
 H                    -3.47468  -2.63197  -0.80271  
 C                    -4.35074  -0.61283  -0.82691  
 H                    -4.70225  -0.83122  -1.84266  
 H                    -5.20484  -0.68964  -0.14524  
 C                    -1.75652  -1.32294   1.30727  
 O                    -3.02476  -1.66318   0.94721  
 O                    -1.37848  -1.39422   2.44691  
 C                    -1.12126   0.6994   -0.1378  
 C                    -0.46136   1.7924    0.25361  
 H                    -0.6964    2.7353   -0.23903  
 C                     0.63465   1.87069   1.28017  
 C                     0.41154  -1.46159  -0.06793  
 C                     1.37431  -1.17172   1.11317  
 H                     0.84448  -0.66079   1.91726  
 H                     1.65844  -2.13659   1.54801  
 O                     0.42799   1.76466   2.47386  
 C                     2.65596  -0.40158   0.75511  
 H                     3.15402  -0.13692   1.701  
 C                     4.36543  -0.10638  -0.96229  
 H                     5.4543   -0.07204  -0.82874  
 O                     4.03396  -0.35896  -2.31353  
 H                     4.41087   0.3715   -2.83297  
 C                     3.66517  -1.14681  -0.10371  
 C                     3.9108   -2.45473  -0.15062  
 H                     4.66242  -2.86427  -0.81965  
 H                     3.38554  -3.16579   0.483  
 O                    -4.20096   1.58082  -1.95162  
 H                    -5.11529   1.82881  -1.73943  
 C                     2.53404   0.92013  -0.0479  
 H                     1.87508   0.79546  -0.91622  
 O                     3.87346   1.14316  -0.51088  
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 C                    -3.69982   0.80363  -0.85425  
 C                    -3.91676   1.57052   0.45295  
 H                    -4.9898    1.75414   0.59913  
 H                    -3.55988   1.01264   1.32315  
 H                    -3.40464   2.53682   0.42568  
 H                     0.84595  -1.07675  -1.00214  
 O                     0.1499   -2.85893  -0.22781  
 H                     0.98838  -3.27934  -0.47623  
 C                     2.05227   2.13592   0.7337  
 H                     2.71937   2.31545   1.58713  
 O                     2.02555   3.24511  -0.16332  







 C                    -1.96665  -1.02214  -1.09764  
 C                    -0.97602  -0.82088   0.07677  
 C                    -2.1973    0.51353  -1.20305  
 H                    -1.59167  -1.55347  -1.97217  
 H                    -1.97246   0.98696  -2.16244  
 C                    -3.24796  -1.61135  -0.48425  
 H                    -3.47468  -2.63197  -0.80271  
 C                    -4.35074  -0.61283  -0.82691  
 H                    -4.70225  -0.83122  -1.84266  
 H                    -5.20484  -0.68964  -0.14524  
 C                    -1.75652  -1.32294   1.30727  
 O                    -3.02476  -1.66318   0.94721  
 O                    -1.37848  -1.39422   2.44691  
 C                    -1.12126   0.6994   -0.1378  
 C                     0.41154  -1.46159  -0.06793  
 C                     1.37431  -1.17172   1.11317  
 H                     0.84448  -0.66079   1.91726  
 H                     1.65844  -2.13659   1.54801  
 C                     2.65596  -0.40158   0.75511  
 H                     3.15402  -0.13692   1.701  
 C                     4.36543  -0.10638  -0.96229  
 H                     5.4543   -0.07204  -0.82874  
 O                     4.03396  -0.35896  -2.31353  
 H                     4.41087   0.3715   -2.83297  
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 C                     3.66517  -1.14681  -0.10371  
 C                     3.9108   -2.45473  -0.15062  
 H                     4.66242  -2.86427  -0.81965  
 H                     3.38554  -3.16579   0.483  
 O                    -4.20096   1.58082  -1.95162  
 H                    -5.11529   1.82881  -1.73943  
 C                     2.53404   0.92013  -0.0479  
 H                     1.87508   0.79546  -0.91622  
 O                     3.87346   1.14316  -0.51088  
 C                    -3.69982   0.80363  -0.85425  
 C                    -3.91676   1.57052   0.45295  
 H                    -4.9898    1.75414   0.59913  
 H                    -3.55988   1.01264   1.32315  
 H                    -3.40464   2.53682   0.42568  
 H                     0.84595  -1.07675  -1.00214  
 O                     0.1499   -2.85893  -0.22781  
 H                     0.98838  -3.27934  -0.47623  
 C                     2.05227   2.13592   0.7337  
 H                     2.71937   2.31545   1.58713  
 O                     2.02555   3.24511  -0.16332  
 H                     2.00124   4.05444   0.37018  
 C                    -0.45158   1.8086    0.25941  
 H                    -0.74896   2.32883   1.14588  
 C                     0.74152   2.32207  -0.56791  







 C                     2.29727   2.54407  -0.01711  
 O                     3.39972   1.83631  -0.38937  
 C                     1.49554   0.80434  -1.25746  
 H                     0.8825    0.06885  -1.76704  
 C                     3.00097   0.73664  -1.24263  
 H                     3.3689    0.98842  -2.24905  
 O                     2.35635   3.53317   0.68513  
 C                     3.74534  -0.54071  -0.82699  
 H                     4.78222  -0.22477  -0.65647  
 H                     3.77645  -1.21176  -1.69338  
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 C                     3.30443  -1.37907   0.40869  
 C                     2.27887  -2.43258   0.00706  
 H                     2.68846  -3.20374  -0.64828  
 C                     1.04209  -2.56528   0.39765  
 C                    -0.15941  -2.82334   0.87282  
 H                    -0.22878  -3.37327   1.81234  
 C                    -1.51153  -2.52617   0.32954  
 C                    -1.80747   0.48957  -0.12231  
 C                    -4.17248   0.21163   0.32881  
 H                    -0.88916   0.08869   0.31747  
 H                    -4.86423  -0.27781   1.0239  
 C                    -1.4651    1.80246  -0.87611  
 H                    -1.2749    1.58259  -1.93526  
 H                    -2.33099   2.47012  -0.84571  
 C                    -0.24689   2.56874  -0.36024  
 H                    -0.20488   3.51627  -0.9268  
 O                    -0.40751   2.85555   1.0248  
 H                     0.36776   3.39081   1.2802  
 O                     4.43728  -2.19783   0.76568  
 H                     5.10124  -1.61028   1.163  
 O                    -2.48748  -2.80374   1.00819  
 C                    -2.87375   0.65604   0.94924  
 C                    -2.72593   1.05806   2.20742  
 H                    -3.57562   1.10851   2.88381  
 H                    -1.76327   1.37955   2.58954  
 C                     2.87167  -0.54742   1.61808  
 H                     2.72652  -1.21209   2.47436  
 H                     3.64113   0.1906    1.87041  
 H                     1.93731  -0.00964   1.4377  
 C                     1.09028   1.89466  -0.59075  
 O                    -4.78264   1.33766  -0.28173  
 H                    -5.54458   1.00283  -0.784  
 C                    -2.45946  -0.57428  -1.05473  
 H                    -2.45797  -0.22413  -2.09864  
 O                    -3.81146  -0.75964  -0.63686  
 C                    -1.75212  -1.95192  -1.07441  
 H                    -2.44226  -2.6599   -1.55299  
 O                    -0.53477  -1.85758  -1.81557  









 C                     3.90247  -2.14547   0.4152  
 C                     4.66252  -0.79342   0.40606  
 C                    -3.43254  -1.04807   1.0771  
 H                    -3.32576  -1.30916   2.10814  
 C                    -1.18755   1.17339  -1.05783  
 H                    -0.67143   0.74842  -1.88733  
 H                    -2.1302    1.58911  -1.38007  
 C                    -0.26161   2.26219  -0.5452  
 H                    -0.33072   3.09572  -1.21096  
 C                     1.23281   1.80287  -0.57079  
 C                     1.90599   0.76872  -1.21074  
 H                     1.47245  -0.09181  -1.67289  
 C                     4.20174  -0.01152   1.6577  
 H                     4.38756  -0.61814   2.52482  
 H                     4.73749   0.90409   1.73548  
 H                     3.1501    0.19138   1.58537  
 O                     3.55968   1.99805   0.02245  
 C                     3.42307   1.13178  -1.13083  
 H                     3.6246    1.64047  -2.0675  
 C                     4.56686   0.05704  -0.95966  
 H                     5.44938   0.64474  -0.99119  
 H                     4.54504  -0.64669  -1.77528  
 C                     2.78017  -2.38723  -0.22498  
 C                     1.6471   -2.6312   -0.87125  
 H                     4.33375  -2.95607   0.96845  
 H                     1.67386  -3.01888  -1.90125  
 C                    -1.55999   0.08537  -0.01547  
 H                    -0.76565  -0.07499   0.68213  
 C                    -1.92799  -1.22306  -0.70253  
 H                    -2.58639  -1.00287  -1.51097  
 O                    -2.56318  -1.95435   0.33495  
 C                     2.27721   2.60194   0.15842  
 O                     2.03779   3.64951   0.80404  
 O                    -0.6221    2.62849   0.78684  
 H                     0.03672   3.22984   1.13439  
 O                     6.05922  -1.11979   0.48856  
 H                     6.2137   -1.58841   1.3032  
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 C                     0.31525  -2.38199  -0.19843  
 O                     0.13862  -2.42693   1.06643  
 C                    -0.72882  -2.10637  -1.2519  
 H                    -1.14781  -2.98707  -1.61069  
 O                     0.02436  -1.49686  -2.29942  
 H                     0.67967  -2.17887  -2.57841  
 C                    -2.96449   0.36625   0.64378  
 C                    -3.6189    1.54258   0.80055  
 H                    -3.17975   2.45391   0.45195  
 H                    -4.57802   1.56007   1.27454  
 O                    -4.78607  -1.15457   0.6282  








 C                    -1.67928  -1.66752  -0.07964  
 C                    -0.65988  -2.21256  -0.51393  
 C                    -3.02508  -1.1082    0.50086  
 C                     5.09526   1.12474  -0.09208  
 C                     5.9784    0.08495  -0.74705  
 H                     5.48575   2.12157  -0.11213  
 H                     6.47396   0.32809  -1.66608  
 C                     3.80374   0.93856  -0.73273  
 H                     3.81415   1.22364  -1.76106  
 O                     4.98862   0.65513   1.24269  
 O                     6.9327   -0.16632   0.29602  
 C                     6.3744    0.59013   1.41927  
 C                     6.87261   2.04791   1.33211  
 H                     6.44598   2.62939   2.12705  
 H                     7.93337   2.06494   1.4095  
 H                     6.57007   2.46933   0.38907  
 C                     6.749    -0.05607   2.77529  
 H                     7.80998  -0.07198   2.87737  
 H                     6.32057   0.51439   3.57697  
 H                     6.36743  -1.05628   2.81888  
 C                     2.66687   1.69009  -0.06431  
 H                     2.53686   1.30611   0.93594  




 C                     1.38454   1.51767  -0.87215  
 H                     1.53152   1.89932  -1.86479  
 H                     1.11882   0.49287  -0.92348  
 C                    -4.14631  -1.23196  -0.55676  
 H                    -4.24963  -2.25506  -0.84534  
 H                    -5.06335  -0.88283  -0.12905  
 H                    -3.90708  -0.64031  -1.42001  
 O                    -3.35038  -1.90456   1.62901  
 Si                   -3.99127  -3.39057   1.27928  
 C                    -4.29112  -4.36168   2.91963  
 H                    -4.7011   -5.32152   2.69354  
 H                    -3.36192  -4.48244   3.43859  
 H                    -4.97501  -3.81544   3.53624  
 C                    -5.6642   -3.16429   0.32925  
 H                    -6.35254  -2.61877   0.94046  
 H                    -5.49086  -2.62359  -0.57929  
 H                    -6.07369  -4.12565   0.09821  
 C                    -2.74864  -4.36073   0.14573  
 H                    -2.58931  -3.8126   -0.76303  
 H                    -1.81449  -4.48139   0.65437  
 H                    -3.15594  -5.32225  -0.08677  
 C                    -4.36958   3.32916  -0.51506  
 C                    -3.3612    4.02714  -1.18473  
 C                    -5.12445   3.96282   0.47774  
 C                    -3.08473   5.35449  -0.8428  
 H                    -2.80075   3.54425  -1.95667  
 C                    -4.84947   5.28894   0.82462  
 H                    -5.91053   3.4278    0.97484  
 C                    -3.82574   5.98594   0.16714  
 H                    -2.30796   5.88928  -1.35209  
 H                    -5.42411   5.76927   1.59004  
 H                    -3.61067   6.99772   0.43709  
 C                     3.74866  -0.56469  -0.50176  
 H                     3.75321  -0.77717   0.53623  
 O                     5.00337  -0.99783  -1.09844  
 C                     2.48283  -1.21906  -1.08641  
 H                     2.02907  -0.81993  -1.97899  
 C                     1.92551  -2.2985   -0.45594  
 C                     2.57682  -2.90121   0.8104  
 H                     2.15458  -2.43839   1.68688  
 H                     2.39094  -3.95291   0.83977  
 H                     3.62608  -2.71585   0.7833  
 O                    -3.46621   1.22143  -1.33424  
 C                    -4.66626   1.86837  -0.87995  
 H                    -5.39855   1.84487  -1.65247  
 H                    -5.03494   1.35954  -0.01545  
 C                    -2.45761   1.22015  -0.312  
 H                    -2.26521   2.22989  -0.00453  
 C                    -2.89043   0.38023   0.9117  
 H                    -3.82487   0.74469   1.29582  
 H                    -2.13768   0.45988   1.66195  
 C                     0.62935  -2.90805  -1.05145  
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 C                    -0.86195   2.90166  -1.05349  
 H                    -1.74591   2.99723  -0.46935  
 H                    -0.56884   3.86374  -1.41687  
 O                     0.71304  -2.75297  -2.45169  
 C                     1.96349  -3.35838  -2.80622  
 H                     1.96533  -4.38749  -2.51122  
 H                     2.09798  -3.28666  -3.86347  
 H                     2.76073  -2.84899  -2.30441  
 H                     0.57614  -3.94696  -0.80478  
 O                    -1.10597   2.01945  -2.15731  
 H                    -1.80195   2.35704  -2.71871  
 C                    -1.17285   0.60407  -0.86543  
 H                    -0.92243   0.70013  -1.90671  
 C                    -0.36864  -0.06304  -0.01361  
 H                    -0.64973  -0.15809   1.01316  
 H                     0.54173  -0.50082  -0.37159  
 C                     0.27278   2.31524  -0.18052  
 C                     0.32001   2.49033   1.18723  
 H                    -0.47185   3.00273   1.70464  







 C                    -1.43492  -1.79844  -0.51945  
 C                    -0.40718  -2.22165  -1.00287  
 C                    -2.78162  -1.35298   0.101  
 C                     5.25518   1.1977    0.12587  
 C                     6.11396   0.10948  -0.5213  
 H                     5.67598   2.185     0.11428  
 H                     6.76402   0.48608  -1.29248  
 C                     3.9628    1.01561  -0.60023  
 H                     4.03916   1.38852  -1.61706  
 O                     5.18379   0.83892   1.48661  
 O                     6.82416  -0.45545   0.60491  
 C                     6.60006   0.56964   1.57453  
 C                     7.44472   1.80003   1.17091  
 H                     7.25762   2.61852   1.83739  
 H                     8.48221   1.53304   1.21541  




 C                     6.96861   0.12721   3.01109  
 H                     8.01086  -0.11469   3.05058  
 H                     6.75678   0.92943   3.69658  
 H                     6.3835   -0.74027   3.28444  
 C                     2.71565   1.65073   0.07702  
 H                     2.59474   1.25367   1.07307  
 H                     2.82852   2.71418   0.1366  
 C                     1.48564   1.30137  -0.78396  
 H                     1.64914   1.66019  -1.78967  
 H                     1.35547   0.23117  -0.79942  
 C                    -3.89227  -1.40145  -0.96264  
 H                    -3.96982  -2.39266  -1.36783  
 H                    -4.8259   -1.13059  -0.50127  
 H                    -3.66503  -0.71081  -1.75201  
 O                    -3.08076  -2.27346   1.15736  
 Si                   -4.59605  -2.92193   1.38317  
 C                    -4.50452  -4.15953   2.85786  
 H                    -5.46804  -4.60588   3.00796  
 H                    -3.78493  -4.92113   2.63583  
 H                    -4.21158  -3.62966   3.74232  
 C                    -5.91365  -1.54555   1.78878  
 H                    -5.62765  -1.02974   2.68352  
 H                    -5.97589  -0.84666   0.97758  
 H                    -6.87375  -2.00968   1.93399  
 C                    -5.12491  -3.85089  -0.2316  
 H                    -5.16371  -3.15572  -1.04867  
 H                    -4.41006  -4.61895  -0.44498  
 H                    -6.09518  -4.28962  -0.08762  
 C                    -4.12118   3.32131  -0.5485  
 C                    -3.09903   4.02611  -1.20868  
 C                    -4.86222   3.97345   0.46507  
 C                    -2.81256   5.3523   -0.86369  
 H                    -2.53828   3.54449  -1.97923  
 C                    -4.56525   5.30761   0.8075  
 H                    -5.65488   3.45486   0.97235  
 C                    -3.53011   5.98986   0.15001  
 H                    -2.03579   5.87909  -1.37392  
 H                    -5.1214    5.80262   1.5739  
 H                    -3.28952   6.99612   0.42167  
 C                     3.92482  -0.50016  -0.5576  
 H                     3.89101  -0.83125   0.45425  
 O                     5.18917  -0.85416  -1.15044  
 C                     2.71046  -1.08903  -1.29452  
 H                     2.32299  -0.60069  -2.16613  
 C                     2.12105  -2.21847  -0.83852  
 C                     2.66082  -2.92115   0.42191  
 H                     2.14737  -2.54539   1.29032  
 H                     2.49768  -3.98301   0.33882  
 H                     3.71413  -2.72755   0.51681  
 O                    -3.21063   1.22502  -1.43265  
 C                    -4.40474   1.84371  -0.95516  
 H                    -5.139     1.82162  -1.74252  
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 H                    -4.76895   1.30299  -0.11313  
 C                    -2.25524   1.13367  -0.38217  
 H                    -2.16425   2.08125   0.09298  
 C                    -0.25404  -4.73527  -2.16387  
 H                    -0.2139   -4.46616  -3.20568  
 H                    -0.24919  -5.80757  -2.06693  
 H                    -1.15063  -4.33429  -1.72037  
 C                    -2.69106   0.0831    0.68549  
 H                    -3.64851   0.35413   1.07654  
 H                    -1.96157   0.08551   1.47993  
 O                     0.894    -4.20839  -1.49665  
 C                     0.9038   -2.77705  -1.60007  
 H                     0.96186  -2.47963  -2.62871  
 C                    -0.05954   3.4437   -0.51671  
 H                    -1.12205   3.62189  -0.55235  
 H                     0.37043   4.05154   0.25646  
 O                     0.5371    3.76641  -1.78107  
 H                     0.3802    4.68379  -1.98505  
 C                    -0.90372   0.73262  -0.97464  
 H                    -0.00396   1.12806  -0.55248  
 C                    -0.85516  -0.11624  -2.03433  
 H                    -1.76207  -0.51418  -2.45517  
 H                     0.09097  -0.38521  -2.44986  
 C                     0.2167    1.97116  -0.20964  
 C                    -0.64746   1.26887   0.56275  
 H                    -1.67728   1.18932   0.28337  






 C                     2.752    -1.26455   0.0088  
 C                    -4.45323   1.00443  -0.34172  
 C                    -5.31927   0.68635   0.88269  
 H                    -4.40786   2.07675  -0.57167  
 H                    -5.45501   1.49537   1.60649  
 C                    -3.08231   0.3898   -0.02904  
 H                    -2.50878   1.13394   0.54018  
 O                    -5.1163    0.30216  -1.39207  
 O                    -6.58811   0.39437   0.36209  
 C                    -6.45863  -0.02419  -1.00211  




 H                    -7.36851   0.49882  -2.89511  
 H                    -8.47568   0.58063  -1.50403  
 H                    -7.24834   1.84556  -1.73714  
 C                    -6.6543   -1.53355  -1.11938  
 H                    -7.67576  -1.80445  -0.8344  
 H                    -6.47769  -1.86116  -2.14907  
 H                    -5.95964  -2.05096  -0.45309  
 C                     3.44365  -1.1412    1.38096  
 H                     3.48539  -2.11848   1.86924  
 H                     4.46407  -0.7592    1.26102  
 H                     2.88515  -0.4475    2.0119  
 O                     3.42256  -2.21482  -0.83336  
 Si                    5.00729  -2.71264  -1.05541  
 C                     4.9101   -3.81725  -2.57644  
 H                     5.89106  -4.24052  -2.82552  
 H                     4.21751  -4.65037  -2.41137  
 H                     4.5537   -3.25851  -3.44929  
 C                     6.17939  -1.26519  -1.39282  
 H                     5.84001  -0.66648  -2.24615  
 H                     6.28548  -0.59323  -0.53265  
 H                     7.18172  -1.64274  -1.63332  
 C                     5.65583  -3.712     0.41201  
 H                     5.81196  -3.09822   1.30584  
 H                     4.96192  -4.51821   0.67738  
 H                     6.61834  -4.17472   0.15817  
 C                    -3.45297  -0.78156   0.92624  
 H                    -3.60937  -1.69389   0.33355  
 O                    -4.70868  -0.41095   1.53883  
 C                     2.76596   0.08841  -0.7661  
 H                     3.81173   0.42217  -0.76115  
 H                     2.5192   -0.14149  -1.80777  
 C                    -1.4612   -1.87346   2.17062  
 C                    -2.48897  -1.02048   2.05989  
 H                    -2.70907  -0.38589   2.91788  
 C                    -0.65779  -1.97394   3.44364  
 H                     0.40215  -1.76156   3.25928  
 H                    -1.02679  -1.27343   4.19834  
 H                    -0.71451  -2.98969   3.84991  
 C                    -1.66544   1.07769  -2.09678  
 H                    -2.31302   1.32771  -2.95189  
 H                    -0.74512   0.69163  -2.56077  
 C                     1.39594  -1.80642   0.24286  
 C                     0.32513  -2.27732   0.5578  
 C                    -0.98529  -2.77301   1.03675  
 H                    -2.99021  -0.61304  -1.9063  
 C                    -2.29521  -0.05753  -1.26938  
 H                    -1.51101  -0.76326  -0.97709  
 C                     1.85947   1.27892  -0.34354  
 H                     2.23375   2.1455   -0.90177  
 O                     1.94672   1.57379   1.06316  
 C                     3.01406   2.43707   1.42549  
 H                     3.08249   2.35374   2.51752  
178 
 
 H                     3.97379   2.08118   1.01916  
 C                     2.79798   3.8895    1.0326  
 C                     3.89193   4.7161    0.75254  
 C                     1.50886   4.43518   0.99591  
 C                     3.70642   6.06687   0.45292  
 H                     4.89792   4.30064   0.76912  
 C                     1.32071   5.78253   0.68695  
 H                     0.65921   3.78948   1.19675  
 C                     2.41844   6.60355   0.41836  
 H                     4.56611   6.69618   0.23748  
 H                     0.31472   6.19348   0.65728  
 H                     2.27039   7.65333   0.17926  
 C                    -0.46686   3.29374  -2.24673  
 H                    -0.34991   4.29473  -1.82503  
 H                     0.53761   2.88743  -2.43206  
 H                    -1.70485  -2.75113   0.20324  
 O                    -0.90487  -4.10444   1.54185  
 C                    -0.57644  -5.0652    0.55368  
 H                    -1.32322  -5.08107  -0.25635  
 H                     0.4133   -4.87681   0.11526  
 H                    -0.57267  -6.0372    1.05313  
 O                    -1.08649   3.43595  -3.52764  
 H                    -0.44636   3.77548  -4.15736  
 C                     0.37487   1.05001  -0.68292  
 H                    -0.37693   1.65646  -0.22258  
 C                     0.01735   0.08312  -1.56261  
 H                    -0.79953  -0.57147  -1.34098  
 H                     0.5538   -0.02609  -2.48196  
 C                    -1.27707   2.35982  -1.37499  
 C                    -1.62016   2.64061  -0.09436  
 H                    -2.60816   2.42853   0.25748  














 C                     2.87773  -1.2829    0.15199  
 C                    -4.4018    0.90006  -0.26875  
 C                    -5.24616   0.63042   0.98222  
 H                    -4.33787   1.96578  -0.52406  
 H                    -5.35658   1.46411   1.68236  
 C                    -3.03697   0.26383   0.02861  
 H                    -2.44219   1.01077   0.57284  
 O                    -5.10506   0.19438  -1.29099  
 O                    -6.53231   0.34562   0.49498  
 C                    -6.43625  -0.1183   -0.85589  
 C                    -7.45001   0.65433  -1.69522  
 H                    -7.39205   0.34258  -2.74279  
 H                    -8.46515   0.47154  -1.32875  
 H                    -7.24291   1.72665  -1.63316  
 C                    -6.63703  -1.6309   -0.91969  
 H                    -7.64997  -1.89044  -0.59588  
 H                    -6.49178  -1.99039  -1.9437  
 H                    -5.92263  -2.12891  -0.25977  
 C                     3.57465  -1.04091   1.50631  
 H                     3.66461  -1.98163   2.05625  
 H                     4.57588  -0.62347   1.34919  
 H                     2.99192  -0.33188   2.09675  
 O                     3.58023  -2.2563   -0.63517  
 Si                    5.1753   -2.73386  -0.82182  
 C                     5.11391  -3.90096  -2.29746  
 H                     6.10588  -4.31201  -2.52229  
 H                     4.43898  -4.74209  -2.10231  
 H                     4.75163  -3.38699  -3.19503  
 C                     6.32774  -1.28182  -1.20212  
 H                     5.98658  -0.71901  -2.07886  
 H                     6.41566  -0.57865  -0.36528  
 H                     7.33767  -1.65215  -1.42087  
 C                     5.82093  -3.66581   0.69103  
 H                     5.95076  -3.01737   1.56442  
 H                     5.13796  -4.47534   0.97427  
 H                     6.796    -4.11867   0.46938  




 H                    -3.59428  -1.80523   0.46695  
 O                    -4.64088  -0.45387   1.65765  
 C                     2.82789   0.01403  -0.71051  
 H                     3.86052   0.38483  -0.74331  
 H                     2.5779   -0.29441  -1.73093  
 C                    -1.36481  -1.89535   2.29623  
 C                    -2.42387  -1.08868   2.13908  
 H                    -2.65359  -0.43515   2.98087  
 C                    -0.57361  -1.86496   3.58602  
 H                     0.47696  -1.60543   3.40793  
 H                    -0.99063  -1.13692   4.28689  
 H                    -0.58098  -2.84901   4.0758  
 C                    -1.65443   0.9011   -2.07448  
 H                    -2.3594    1.21519  -2.86043  
 H                    -0.80768   0.47109  -2.63181  
 C                     1.55012  -1.8635    0.4417  
 C                     0.50427  -2.36273   0.79312  
 C                    -0.7938   -2.88195   1.28101  
 H                    -0.59872  -3.83239   1.81299  
 H                    -2.99381  -0.7683   -1.83357  
 C                    -2.27847  -0.21412  -1.21832  
 H                    -1.51193  -0.93587  -0.92645  
 O                    -1.71314  -3.14055   0.23177  
 C                    -1.29757  -4.17711  -0.6433  
 H                    -0.35588  -3.92597  -1.14887  
 H                    -1.16821  -5.12669  -0.10108  
 H                    -2.09026  -4.29332  -1.38583  
 C                     1.88201   1.19566  -0.35378  
 H                     2.23242   2.04165  -0.95619  
 O                     1.96161   1.56827   1.03658  
 C                     2.9873    2.50128   1.34212  
 H                     3.06512   2.48367   2.43665  
 H                     3.96153   2.17017   0.94912  
 C                     2.69969   3.91712   0.8698  
 C                     3.75043   4.77366   0.52224  
 C                     1.38662   4.40181   0.82483  
 C                     3.49919   6.09493   0.14811  
 H                     4.77439   4.40479   0.54417  
 C                     1.13281   5.71905   0.44206  
 H                     0.57026   3.7315    1.0764  
 C                     2.18783   6.57095   0.10642  
 H                     4.32595   6.74794  -0.11944  
 H                     0.10884   6.08236   0.40674  
 H                     1.98847   7.59725  -0.19043  
 C                    -0.38692   3.06795  -2.31905  
 H                    -0.17171   4.05083  -1.89376  
 H                     0.56587   2.62557  -2.64312  
 O                    -1.15937   3.27301  -3.50487  
 H                    -0.58698   3.58268  -4.21062  
 C                     0.40521   0.91099  -0.68487  
 H                    -0.36048   1.19467   0.00661  
 C                     0.07208   0.30242  -1.84902  
181 
 
 H                    -0.64365  -0.49294  -1.85549  
 H                     0.52633   0.61837  -2.76484  
 C                    -1.1189    2.14092  -1.37297  
 C                    -1.28032   2.39324  -0.05129  
 H                    -2.09195   1.94959   0.48661  







 C                    -1.59176  -1.92177  -0.33541  
 C                    -0.54286  -2.41911  -0.67972  
 C                    -2.92408  -1.40959   0.05543  
 C                     5.11597   1.31818  -0.46403  
 C                     5.98654   0.0678   -0.76449  
 H                     5.40359   2.20378  -1.04583  
 H                     6.63631   0.1296   -1.64206  
 C                     3.69058   0.83756  -0.74778  
 H                     3.55368   0.90843  -1.83653  
 O                     5.30619   1.54633   0.92911  
 O                     6.78615  -0.10254   0.3926  
 C                     6.55555   0.97048   1.31154  
 C                     7.68227   2.00165   1.19296  
 H                     7.51272   2.83436   1.88313  
 H                     8.6462    1.53875   1.42629  
 H                     7.73145   2.39948   0.17402  
 C                     6.41736   0.40465   2.71733  
 H                     7.34994  -0.07922   3.02249  
 H                     6.18692   1.20487   3.42733  
 H                     5.61226  -0.33447   2.73947  
 C                     2.53477   1.56101  -0.03082  
 H                     2.2253    0.96498   0.83689  
 H                     2.87897   2.51969   0.37198  
 C                     1.32157   1.77235  -0.96731  
 H                     1.54351   2.62595  -1.62814  
 H                     1.21674   0.89673  -1.61668  
 C                     0.00231   2.00769  -0.25853  
 C                    -1.04031   1.2128   -0.54999  





 C                    -3.84658  -1.39137  -1.17694  
 H                    -3.90029  -2.38891  -1.62395  
 H                    -4.8525   -1.08337  -0.87407  
 H                    -3.48251  -0.68755  -1.92662  
 O                    -3.4601   -2.2687    1.07797  
 Si                   -4.03194  -3.84929   1.09224  
 C                    -4.0454   -4.29797   2.92119  
 H                    -4.45146  -5.30476   3.07962  
 H                    -3.03349  -4.27343   3.34138  
 H                    -4.66028  -3.59531   3.49516  
 C                    -5.79339  -3.94389   0.41045  
 H                    -6.4511   -3.22269   0.90996  
 H                    -5.83648  -3.74422  -0.66592  
 H                    -6.21327  -4.94428   0.57738  
 C                    -2.92825  -5.04876   0.13844  
 H                    -2.86028  -4.79882  -0.92579  
 H                    -1.90909  -5.05846   0.53998  
 H                    -3.33083  -6.06714   0.21692  
 C                    -4.25769   3.7471   -0.36689  
 C                    -3.29766   4.4752   -1.08134  
 C                    -5.02412   4.40564   0.60086  
 C                    -3.11343   5.83552  -0.83416  
 H                    -2.68983   3.95972  -1.81901  
 C                    -4.84683   5.76919   0.84453  
 H                    -5.76631   3.84833   1.16953  
 C                    -3.88985   6.488     0.12692  
 H                    -2.36318   6.38864  -1.39368  
 H                    -5.44949   6.26618   1.60044  
 H                    -3.74603   7.54815   0.31826  
 C                     3.82628  -0.66495  -0.40417  
 H                     3.88673  -0.76145   0.68638  
 O                     5.10622  -1.01048  -0.97904  
 C                     2.74906  -1.53158  -0.96897  
 H                     2.63216  -1.48464  -2.04987  
 C                     1.88883  -2.29113  -0.27752  
 C                     1.87534  -2.50534   1.21474  
 H                     0.95284  -2.10837   1.65579  
 H                     1.89907  -3.57907   1.44667  
 H                     2.72289  -2.03793   1.71919  
 O                    -3.32684   1.5722   -1.05581  
 C                    -4.49824   2.27888  -0.67767  
 H                    -5.17121   2.18633  -1.5395  
 H                    -5.00367   1.79734   0.17348  
 C                    -2.42619   1.25679   0.0308  
 H                    -2.48996   2.06192   0.77307  
 C                    -2.85769  -0.02948   0.77412  
 H                    -3.86564   0.12605   1.17784  
 H                    -2.19851  -0.15195   1.641  
 C                     0.75628  -3.02667  -1.01306  
 C                    -0.01353   3.15248   0.72601  
 H                    -1.01154   3.38822   1.10104  
 H                     0.63059   2.94357   1.59038  
183 
 
 O                     0.90187  -3.04708  -2.42696  
 C                     1.75354  -4.08569  -2.88845  
 H                     1.35261  -5.07604  -2.62292  
 H                     1.78794  -3.99689  -3.97701  
 H                     2.77164  -3.99438  -2.48738  
 H                     0.73888  -4.06806  -0.6403  
 O                     0.50537   4.3354    0.11255  







 C                     1.06099   2.02562  -0.32181  
 C                     0.03539   2.62651  -0.55375  
 C                     2.30586   1.39835   0.17515  
 C                    -1.26991   3.29653  -0.64353  
 C                     1.94089   0.17223   1.07041  
 H                     2.77915   0.05568   1.76452  
 H                     1.06914   0.45824   1.66795  
 C                    -2.36525   2.23919  -0.83551  
 C                    -2.98999   1.78154   0.25975  
 H                    -2.74766   2.25757   1.20967  
 C                    -4.44972  -1.65622  -0.23834  
 C                    -5.56506  -0.64747  -0.63236  
 H                    -4.29364  -2.44308  -0.98769  
 H                    -5.95239  -0.73062  -1.65205  
 C                    -3.22222  -0.76209  -0.0197  
 H                    -2.77577  -0.5828   -1.00082  
 O                    -4.90011  -2.21707   0.99038  
 O                    -6.61176  -0.88793   0.2903  
 C                    -6.31632  -2.04826   1.07232  
 C                    -7.0367   -3.26745   0.48778  
 H                    -6.80458  -4.16431   1.07101  
 H                    -8.11956  -3.109     0.49759  
 H                    -6.72525  -3.4375   -0.54821  
 C                    -6.68932  -1.77857   2.52227  
 H                    -7.76554  -1.6018    2.60814  
 H                    -6.42239  -2.63568   3.14807  
 H                    -6.15571  -0.89465   2.88116  





 H                    -1.50302  -0.44367   1.22241  
 H                    -2.62316  -1.66035   1.84445  
 C                    -1.23819  -2.40032   0.34657  
 H                    -1.86206  -3.25693   0.05762  
 H                    -0.59159  -2.75605   1.15812  
 C                    -0.39365  -1.96718  -0.84189  
 C                     1.69642  -1.2292    0.4764  
 C                     0.8147   -1.38527  -0.7416  
 H                     1.30892  -1.09925  -1.66894  
 C                     3.29024   1.0668   -0.95802  
 H                     3.56601   1.98101  -1.49237  
 H                     4.18843   0.60592  -0.54068  
 H                     2.85614   0.37346  -1.6809  
 O                     2.91788   2.30764   1.10512  
 C                    -2.54141   1.74031  -2.24521  
 H                    -3.4575    1.15957  -2.35347  
 H                    -2.57359   2.58453  -2.94152  
 H                    -1.68081   1.127    -2.5451  
 Si                    3.61913   3.83001   0.94651  
 C                     3.20811   4.7089    2.56164  
 H                     3.69868   5.68857   2.6189  
 H                     2.12801   4.86743   2.66024  
 H                     3.53737   4.11907   3.42488  
 C                     5.49166   3.62959   0.79167  
 H                     5.89786   3.04964   1.62875  
 H                     5.77001   3.11355  -0.13465  
 H                     5.99243   4.6063    0.78949  
 C                     2.97736   4.83214  -0.5202  
 H                     3.25639   4.3936   -1.48512  
 H                     1.8879    4.93296  -0.51276  
 H                     3.41412   5.8391   -0.48354  
 C                    -2.30055   5.1996   -1.59449  
 H                    -2.2789    5.75535  -0.64383  
 H                    -2.17258   5.90194  -2.42158  
 H                    -3.27954   4.70747  -1.68576  
 O                    -5.02748   0.64655  -0.50491  
 C                    -3.88718   0.57714   0.381  
 H                    -4.25097   0.50987   1.4162  
 H                     1.27648  -1.82362   1.30431  
 O                     2.99895  -1.75862   0.16888  
 C                     3.04187  -3.16865   0.0111  
 H                     2.57694  -3.64695   0.89294  
 H                     2.459    -3.48985  -0.86458  
 C                     4.47768  -3.62176  -0.12638  
 C                     4.79608  -4.70522  -0.95235  
 C                     5.5014   -2.99953   0.59864  
 C                     6.10953  -5.16847  -1.04658  
 H                     4.01066  -5.18929  -1.52934  
 C                     6.81592  -3.4549    0.49868  
 H                     5.26052  -2.14949   1.22897  
 C                     7.12429  -4.54291  -0.32119  
 H                     6.34019  -6.01074  -1.69382  
185 
 
 H                     7.60201  -2.95912   1.06263  
 H                     8.14897  -4.8971   -0.39751  
 C                    -0.95995  -2.2669   -2.21425  
 H                    -0.31336  -1.88733  -3.01156  
 H                    -1.96267  -1.85104  -2.3678  
 O                    -1.22694   4.2763   -1.67666  
 H                    -1.44527   3.80274   0.32183  
 O                    -1.08575  -3.68057  -2.38918  







 C                     0.        0.        0.  
 C                     1.21119   0.        0.  
 C                    -1.47757   0.08883   0.  
 C                     4.59059  -5.86098  -0.56356  
 C                     5.93091  -5.11056  -0.79714  
 H                     4.67475  -6.70326   0.1357  
 H                     6.75125  -5.36192  -0.11889  
 C                     3.64424  -4.75849  -0.07985  
 H                     3.84161  -4.63279   0.99471  
 O                     4.21559  -6.31693  -1.85942  
 O                     6.30358  -5.4431   -2.12315  
 C                     5.39507  -6.40948  -2.65973  
 C                     6.00812  -7.80972  -2.55454  
 H                     5.3164   -8.561    -2.94913  
 H                     6.94337  -7.85724  -3.12106  
 H                     6.22817  -8.05521  -1.51037  
 C                     5.04263  -6.02516  -4.08904  
 H                     5.93745  -6.05168  -4.71789  
 H                     4.3041   -6.7217   -4.49774  
 H                     4.62791  -5.01398  -4.10826  
 C                     2.13478  -4.96402  -0.30908  
 H                     1.83197  -4.41572  -1.20981  
 H                     1.92347  -6.01884  -0.51551  
 C                     1.29981  -4.47383   0.89759  
 H                     1.37087  -5.23241   1.69392  
 H                     1.7556   -3.56133   1.29678  
 C                    -0.15867  -4.19142   0.59408  
 C                    -0.65999  -2.9813    0.89102  





 C                    -1.93957   0.71134   1.33  
 H                    -1.48092   1.69578   1.45744  
 H                    -3.02972   0.8195    1.34121  
 H                    -1.66144   0.07224   2.16919  
 O                    -1.80194   0.92879  -1.11966  
 Si                   -2.93596   2.11174  -1.46513  
 C                    -2.61574   2.50756  -3.27679  
 H                    -3.28772   3.29627  -3.63718  
 H                    -1.58526   2.84893  -3.42661  
 H                    -2.76645   1.62366  -3.90689  
 C                    -4.71074   1.48583  -1.25888  
 H                    -4.88565   0.58346  -1.85671  
 H                    -4.96401   1.25347  -0.2177  
 H                    -5.42172   2.24895  -1.60144  
 C                    -2.69749   3.67179  -0.42442  
 H                    -2.97505   3.52799   0.62542  
 H                    -1.65489   4.00967  -0.45325  
 H                    -3.31862   4.48574  -0.82028  
 C                    -4.45914  -3.78108   2.15754  
 C                    -3.67078  -4.73207   2.81815  
 C                    -5.6849   -4.1787    1.61254  
 C                    -4.10449  -6.05265   2.93383  
 H                    -2.71069  -4.42782   3.22431  
 C                    -6.12476  -5.49847   1.73418  
 H                    -6.30161  -3.45088   1.08836  
 C                    -5.33449  -6.43945   2.3956  
 H                    -3.48212  -6.78191   3.44631  
 H                    -7.07905  -5.79219   1.30455  
 H                    -5.67179  -7.46855   2.48694  
 C                     4.25197  -3.52953  -0.79954  
 H                     3.99827  -3.59555  -1.86406  
 O                     5.67189  -3.73642  -0.63764  
 C                     3.84478  -2.21047  -0.22789  
 H                     4.08884  -2.0822    0.82737  
 C                     3.16495  -1.23992  -0.85724  
 C                     2.7856   -1.20645  -2.31483  
 H                     1.69572  -1.24153  -2.4322  
 H                     3.12198  -0.26082  -2.75286  
 H                     3.22264  -2.02726  -2.8859  
 O                    -2.60751  -2.16538   1.96854  
 C                    -4.01292  -2.33021   2.08197  
 H                    -4.28127  -1.80919   3.00971  
 H                    -4.54656  -1.82029   1.26491  
 C                    -2.05916  -2.47928   0.66812  
 H                    -2.66844  -3.2742    0.22088  
 C                     2.99536   2.3225    0.07598  
 H                     3.42709   2.26109   1.08791  
 H                     3.4864    3.13068  -0.47171  
 H                     1.92245   2.54207   0.16363  
 C                    -2.16734  -1.27627  -0.3011  
 H                    -3.23115  -1.04006  -0.43008  
 H                    -1.80448  -1.60493  -1.28137  
187 
 
 O                     3.23076   1.13563  -0.65958  
 C                     2.68969  -0.03625  -0.05079  
 H                     3.07507  -0.11879   0.9793  
 C                    -0.92941  -5.33446  -0.02182  
 H                    -2.00539  -5.15467  -0.07096  
 H                    -0.57712  -5.55008  -1.03914  
 O                    -0.72755  -6.52923   0.73757  










 C                    -1.01223   1.99669   0.64412  
 C                     0.02952   2.43761   1.07614  
 C                    -2.25917   1.53819  -0.00727  
 C                     1.34319   2.95257   1.48729  
 C                    -1.96175   0.32262  -0.93888  
 H                    -2.75759   0.33008  -1.69037  
 H                    -1.02406   0.53822  -1.46197  
 C                     2.38262   1.81423   1.43664  
 C                     2.83665   1.43474   0.23465  
 H                     2.47367   1.99823  -0.6228  
 C                     4.2275   -2.06303   0.16125  
 C                     5.3958   -1.14218   0.61459  
 H                     4.09398  -2.94218   0.80494  
 H                     5.84491  -1.37492   1.58469  
 C                     3.01733  -1.1196    0.14897  
 H                     2.64307  -1.06643   1.17508  
 O                     4.58364  -2.45769  -1.15891  
 O                     6.37302  -1.2714   -0.4011  
 C                     5.99672  -2.31079  -1.30883  
 C                     6.71401  -3.61238  -0.93684  
 H                     6.42104  -4.41796  -1.61768  
 H                     7.79855  -3.47709  -0.9941  
 H                     6.45996  -3.91302   0.08504  
 C                     6.2897   -1.85932  -2.73144  





 H                     5.96272  -2.62135  -3.44548  
 H                     5.76025  -0.92572  -2.93851  
 C                     1.8642   -1.4854   -0.79331  
 H                     1.28526  -0.57808  -1.00301  
 H                     2.28034  -1.83169  -1.74575  
 C                     0.89063  -2.55864  -0.24104  
 H                     1.45889  -3.45732   0.03477  
 H                     0.23195  -2.85912  -1.0649  
 C                     0.05686  -2.10164   0.94733  
 C                    -1.90514  -1.12159  -0.40392  
 C                    -1.09514  -1.41691   0.83785  
 H                    -1.5941   -1.12088   1.75996  
 C                    -3.36773   1.27693   1.02658  
 H                    -3.57985   2.20108   1.57218  
 H                    -4.27239   0.947     0.51114  
 H                    -3.08203   0.50596   1.74537  
 O                    -2.7384    2.54468  -0.91284  
 C                     2.73156   1.20747   2.76928  
 H                     3.53867   0.47979   2.68783  
 H                     3.05277   1.98913   3.47146  
 H                     1.85356   0.72446   3.22113  
 Si                   -2.58946   4.22025  -1.00643  
 C                    -4.01626   4.70655  -2.13924  
 H                    -4.02451   5.78837  -2.32249  
 H                    -3.93727   4.20481  -3.11062  
 H                    -4.98327   4.43281  -1.70181  
 C                    -2.79345   5.05951   0.67376  
 H                    -3.75484   4.80766   1.13703  
 H                    -1.99549   4.77466   1.36681  
 H                    -2.75966   6.15042   0.55624  
 C                    -0.95529   4.72205  -1.80086  
 H                    -0.09754   4.5065   -1.15582  
 H                    -0.80989   4.196    -2.75228  
 H                    -0.95327   5.79877  -2.01729  
 H                     1.28697   3.32776   2.5242  
 O                     1.65003   4.04543   0.6213  
 C                     2.76777   4.80585   1.05298  
 H                     2.87419   5.62903   0.34279  
 H                     2.60404   5.21984   2.06036  
 H                     3.6899    4.20976   1.05733  
 O                     4.88979   0.16807   0.70355  
 C                     3.69712   0.24812  -0.10802  
 H                     3.99458   0.31739  -1.164  
 H                    -1.51557  -1.72384  -1.24124  
 O                    -3.26853  -1.51668  -0.17414  
 C                    -3.46705  -2.91849  -0.07684  
 H                    -3.01672  -3.41158  -0.95824  
 H                    -2.95943  -3.33153   0.80727  
 C                    -4.94732  -3.2202   -0.01711  
 C                    -5.41354  -4.30523   0.73317  
 C                    -5.86738  -2.45341  -0.74248  
 C                    -6.77143  -4.62821   0.752  
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 H                    -4.70931  -4.90111   1.3104  
 C                    -7.22584  -2.76869  -0.71723  
 H                    -5.51079  -1.60211  -1.31338  
 C                    -7.68241  -3.85911   0.02669  
 H                    -7.11746  -5.47388   1.3408  
 H                    -7.93003  -2.16137  -1.28028  
 H                    -8.74113  -4.1042    0.04477  
 C                     0.56479  -2.48757   2.32043  
 H                    -0.08698  -2.10802   3.11362  
 H                     1.58082  -2.12555   2.51885  
 O                     0.61921  -3.91141   2.44131  








 C                     2.752    -1.26455   0.0088  
 C                    -4.45323   1.00443  -0.34172  
 C                    -5.31927   0.68635   0.88269  
 H                    -4.40786   2.07675  -0.57167  
 H                    -5.45501   1.49537   1.60649  
 C                    -3.08231   0.3898   -0.02904  
 H                    -2.50878   1.13394   0.54018  
 O                    -5.1163    0.30216  -1.39207  
 O                    -6.58811   0.39437   0.36209  
 C                    -6.45863  -0.02419  -1.00211  
 C                    -7.45225   0.77568  -1.83955  
 H                    -7.36851   0.49882  -2.89511  
 H                    -8.47568   0.58063  -1.50403  
 H                    -7.24834   1.84556  -1.73714  
 C                    -6.6543   -1.53355  -1.11938  
 H                    -7.67576  -1.80445  -0.8344  
 H                    -6.47769  -1.86116  -2.14907  
 H                    -5.95964  -2.05096  -0.45309  
 C                     3.44365  -1.1412    1.38096  
 H                     3.48539  -2.11848   1.86924  
 H                     4.46407  -0.7592    1.26102  





 O                     3.42256  -2.21482  -0.83336  
 Si                    5.00729  -2.71264  -1.05541  
 C                     4.9101   -3.81725  -2.57644  
 H                     5.89106  -4.24052  -2.82552  
 H                     4.21751  -4.65037  -2.41137  
 H                     4.5537   -3.25851  -3.44929  
 C                     6.17939  -1.26519  -1.39282  
 H                     5.84001  -0.66648  -2.24615  
 H                     6.28548  -0.59323  -0.53265  
 H                     7.18172  -1.64274  -1.63332  
 C                     5.65583  -3.712     0.41201  
 H                     5.81196  -3.09822   1.30584  
 H                     4.96192  -4.51821   0.67738  
 H                     6.61834  -4.17472   0.15817  
 C                    -3.45297  -0.78156   0.92624  
 H                    -3.60937  -1.69389   0.33355  
 O                    -4.70868  -0.41095   1.53883  
 C                     2.76596   0.08841  -0.7661  
 H                     3.81173   0.42217  -0.76115  
 H                     2.5192   -0.14149  -1.80777  
 C                    -1.4612   -1.87346   2.17062  
 C                    -2.48897  -1.02048   2.05989  
 H                    -2.70907  -0.38589   2.91788  
 C                    -0.65779  -1.97394   3.44364  
 H                     0.40215  -1.76156   3.25928  
 H                    -1.02679  -1.27343   4.19834  
 H                    -0.71451  -2.98969   3.84991  
 C                    -1.66544   1.07769  -2.09678  
 H                    -2.32895   1.95679  -2.1009  
 H                    -1.63734   0.75756  -3.14942  
 C                     1.39594  -1.80642   0.24286  
 C                     0.32513  -2.27732   0.5578  
 C                    -0.98529  -2.77301   1.03675  
 H                    -2.99021  -0.61304  -1.9063  
 C                    -2.29521  -0.05753  -1.26938  
 H                    -1.51101  -0.76326  -0.97709  
 C                     1.85947   1.27892  -0.34354  
 H                     2.23375   2.1455   -0.90177  
 C                     0.40827   1.05516  -0.67528  
 H                    -0.09618   0.38821   0.01363  
 C                    -0.25303   1.52182  -1.74532  
 O                     1.94672   1.57379   1.06316  
 C                     3.01406   2.43707   1.42549  
 H                     3.08249   2.35374   2.51752  
 H                     3.97379   2.08118   1.01916  
 C                     2.79798   3.8895    1.0326  
 C                     3.89193   4.7161    0.75254  
 C                     1.50886   4.43518   0.99591  
 C                     3.70642   6.06687   0.45292  
 H                     4.89792   4.30064   0.76912  
 C                     1.32071   5.78253   0.68695  
 H                     0.65921   3.78948   1.19675  
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 C                     2.41844   6.60355   0.41836  
 H                     4.56611   6.69618   0.23748  
 H                     0.31472   6.19348   0.65728  
 H                     2.27039   7.65333   0.17926  
 C                     0.3279    2.47223  -2.76895  
 H                     1.24994   2.95803  -2.44132  
 H                     0.53928   1.95213  -3.71405  
 H                    -1.70485  -2.75113   0.20324  
 O                    -0.90487  -4.10444   1.54185  
 C                    -0.57644  -5.0652    0.55368  
 H                    -1.32322  -5.08107  -0.25635  
 H                     0.4133   -4.87681   0.11526  
 H                    -0.57267  -6.0372    1.05313  
 O                    -0.61489   3.50204  -3.07802  








 C                     0.81265   1.87182   0.29841  
 C                     1.99079   1.78207   0.03155  
 C                    -0.62521   1.88095   0.65387  
 C                    -1.17938   0.44869   0.32277  
 H                    -1.57312   0.52072  -0.69591  
 H                    -0.35196  -0.25985   0.25853  
 C                     2.08586  -3.43215   0.17023  
 C                     3.32732  -3.53402  -0.75792  
 H                     1.81142  -4.38475   0.64005  
 H                     3.94037  -4.43283  -0.64925  
 C                     2.48349  -2.33838   1.16605  
 H                     3.16387  -2.82293   1.88123  
 O                     1.05334  -2.98101  -0.70453  
 O                     2.80373  -3.49429  -2.07151  
 C                     1.37481  -3.39986  -2.03257  
 C                     0.76301  -4.77219  -2.32816  
 H                    -0.32971  -4.71995  -2.28913  
 H                     1.06591  -5.11492  -3.32243  





 C                     0.91251  -2.32454  -3.0045  
 H                     1.19049  -2.59773  -4.02678  
 H                    -0.17459  -2.2094   -2.95444  
 H                     1.38328  -1.37047  -2.75339  
 C                     1.39217  -1.56368   1.93478  
 H                     1.80056  -1.30025   2.91783  
 H                     1.22279  -0.60775   1.43337  
 C                     0.02584  -2.26384   2.12738  
 H                     0.185    -3.26013   2.56502  
 H                    -0.4363   -2.42515   1.14908  
 C                    -0.8847   -1.46653   3.04373  
 C                    -2.24525  -0.21197   1.22918  
 C                    -1.81114  -0.58523   2.6356  
 H                    -2.38832  -0.06348   3.39689  
 C                    -0.78748   2.30704   2.12421  
 H                    -0.37066   3.30803   2.26453  
 H                    -1.84989   2.31904   2.37522  
 H                    -0.26862   1.61645   2.79349  
 O                    -1.36401   2.80181  -0.1653  
 C                    -4.1967    0.85487   0.25671  
 H                    -3.60246   1.36103  -0.51417  
 H                    -4.9509    1.573     0.6005  
 Si                   -0.91619   4.25815  -0.88961  
 C                    -2.56753   4.99377  -1.42088  
 H                    -2.42814   5.96166  -1.91818  
 H                    -3.08903   4.33201  -2.12225  
 H                    -3.2269    5.151    -0.55968  
 C                    -0.04293   5.41757   0.31926  
 H                    -0.66893   5.64035   1.19112  
 H                     0.90318   4.99521   0.67557  
 H                     0.18898   6.37018  -0.17445  
 C                     0.17906   3.98159  -2.4027  
 H                     1.17811   3.63416  -2.1209  
 H                    -0.26014   3.24094  -3.08177  
 H                     0.29361   4.91818  -2.96418  
 C                    -4.88023  -0.37367  -0.3167  
 C                    -5.4798   -1.31379   0.53277  
 C                    -4.95982  -0.56761  -1.69982  
 C                    -6.1483   -2.41893   0.00821  
 H                    -5.40726  -1.17371   1.60792  
 C                    -5.63688  -1.66892  -2.22908  
 H                    -4.49086   0.15135  -2.36882  
 C                    -6.23232  -2.598    -1.37547  
 H                    -6.60733  -3.14127   0.6786  
 H                    -5.69185  -1.80374  -3.30638  
 H                    -6.75606  -3.45835  -1.78394  
 C                     4.21388  -0.45625   0.9522  
 H                     4.83418  -0.86032   1.75299  
 C                     4.19973   0.87163   0.75578  
 C                     4.94645   1.81905   1.65891  
 H                     5.68233   2.41887   1.11292  
 H                     4.2512    2.53165   2.12121  
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 H                     5.46218   1.27393   2.45486  
 O                     4.15498  -2.42856  -0.4668  
 C                     3.3575   -1.45475   0.24192  
 H                     2.686    -0.95619  -0.46696  
 H                    -2.5337   -1.13342   0.69583  
 O                    -3.41658   0.5945    1.41769  
 C                    -0.67055  -1.70428   4.52207  
 H                    -1.30377  -1.05697   5.13657  
 H                     0.37424  -1.52825   4.81404  
 O                     3.95563   2.76683  -0.80068  
 C                     5.04985   2.58919  -1.68647  
 H                     4.74268   2.05998  -2.60133  
 H                     5.39994   3.58953  -1.95218  
 H                     5.87565   2.03057  -1.22282  
 C                     3.3811    1.53149  -0.37179  
 H                     3.35883   0.84681  -1.23363  
 O                    -0.96092  -3.06164   4.8658  








 C                     2.87773  -1.2829    0.15199  
 C                    -4.4018    0.90006  -0.26875  
 C                    -5.24616   0.63042   0.98222  
 H                    -4.33787   1.96578  -0.52406  
 H                    -5.35658   1.46411   1.68236  
 C                    -3.03697   0.26383   0.02861  
 H                    -2.44219   1.01077   0.57284  
 O                    -5.10506   0.19438  -1.29099  
 O                    -6.53231   0.34562   0.49498  
 C                    -6.43625  -0.1183   -0.85589  
 C                    -7.45001   0.65433  -1.69522  
 H                    -7.39205   0.34258  -2.74279  
 H                    -8.46515   0.47154  -1.32875  
 H                    -7.24291   1.72665  -1.63316  
 C                    -6.63703  -1.6309   -0.91969  





 H                    -6.49178  -1.99039  -1.9437  
 H                    -5.92263  -2.12891  -0.25977  
 C                     3.57465  -1.04091   1.50631  
 H                     3.66461  -1.98163   2.05625  
 H                     4.57588  -0.62347   1.34919  
 H                     2.99192  -0.33188   2.09675  
 O                     3.58023  -2.2563   -0.63517  
 Si                    5.1753   -2.73386  -0.82182  
 C                     5.11391  -3.90096  -2.29746  
 H                     6.10588  -4.31201  -2.52229  
 H                     4.43898  -4.74209  -2.10231  
 H                     4.75163  -3.38699  -3.19503  
 C                     6.32774  -1.28182  -1.20212  
 H                     5.98658  -0.71901  -2.07886  
 H                     6.41566  -0.57865  -0.36528  
 H                     7.33767  -1.65215  -1.42087  
 C                     5.82093  -3.66581   0.69103  
 H                     5.95076  -3.01737   1.56442  
 H                     5.13796  -4.47534   0.97427  
 H                     6.796    -4.11867   0.46938  
 C                    -3.41033  -0.87979   1.01699  
 H                    -3.59428  -1.80523   0.46695  
 O                    -4.64088  -0.45387   1.65765  
 C                     2.82789   0.01403  -0.71051  
 H                     3.86052   0.38483  -0.74331  
 H                     2.5779   -0.29441  -1.73093  
 C                    -1.36481  -1.89535   2.29623  
 C                    -2.42387  -1.08868   2.13908  
 H                    -2.65359  -0.43515   2.98087  
 C                    -0.57361  -1.86496   3.58602  
 H                     0.47696  -1.60543   3.40793  
 H                    -0.99063  -1.13692   4.28689  
 H                    -0.58098  -2.84901   4.0758  
 C                    -1.65443   0.9011   -2.07448  
 H                    -2.32492   1.77446  -2.10681  
 H                    -1.62013   0.5522   -3.11833  
 C                     1.55012  -1.8635    0.4417  
 C                     0.50427  -2.36273   0.79312  
 C                    -0.7938   -2.88195   1.28101  
 H                    -0.59872  -3.83239   1.81299  
 H                    -2.99381  -0.7683   -1.83357  
 C                    -2.27847  -0.21412  -1.21832  
 H                    -1.51193  -0.93587  -0.92645  
 O                    -1.71314  -3.14055   0.23177  
 C                    -1.29757  -4.17711  -0.6433  
 H                    -0.35588  -3.92597  -1.14887  
 H                    -1.16821  -5.12669  -0.10108  
 H                    -2.09026  -4.29332  -1.38583  
 C                     1.88201   1.19566  -0.35378  
 H                     2.23242   2.04165  -0.95619  
 C                     0.43813   0.91733  -0.67749  
 H                    -0.04067   0.22782   0.00775  
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 C                    -0.24852   1.37526  -1.73589  
 O                     1.96161   1.56827   1.03658  
 C                     2.9873    2.50128   1.34212  
 H                     3.06512   2.48367   2.43665  
 H                     3.96153   2.17017   0.94912  
 C                     2.69969   3.91712   0.8698  
 C                     3.75043   4.77366   0.52224  
 C                     1.38662   4.40181   0.82483  
 C                     3.49919   6.09493   0.14811  
 H                     4.77439   4.40479   0.54417  
 C                     1.13281   5.71905   0.44206  
 H                     0.57026   3.7315    1.0764  
 C                     2.18783   6.57095   0.10642  
 H                     4.32595   6.74794  -0.11944  
 H                     0.10884   6.08236   0.40674  
 H                     1.98847   7.59725  -0.19043  
 C                     0.29435   2.34805  -2.76021  
 H                     1.2071    2.85755  -2.44312  
 H                     0.50621   1.83895  -3.71124  
 O                    -0.68001   3.35368  -3.05041  








 C                     0.79401   1.94923   0.52075  
 C                     1.98568   1.9228    0.3038  
 C                    -0.65411   1.87878   0.82488  
 C                    -1.14117   0.44064   0.42693  
 H                    -1.50022   0.53162  -0.60306  
 H                    -0.2876   -0.23598   0.36984  
 C                     2.13517  -3.19078   0.04333  
 C                     3.37748  -3.1843   -0.87864  
 H                     1.85437  -4.19196   0.39393  
 H                     4.029    -4.06031  -0.82238  
 C                     2.52148  -2.21672   1.16179  
 H                     3.22348  -2.76719   1.80544  





 O                     2.86024  -3.11857  -2.18671  
 C                     1.45581  -2.82822  -2.16338  
 C                     0.69996  -4.02886  -2.73342  
 H                    -0.37849  -3.84164  -2.72112  
 H                     1.01354  -4.21975  -3.76457  
 H                     0.90788  -4.9233   -2.13761  
 C                     1.17892  -1.53388  -2.9183  
 H                     1.43603  -1.65684  -3.97518  
 H                     0.11795  -1.27394  -2.84546  
 H                     1.77577  -0.71734  -2.50329  
 C                     1.42202  -1.56614   2.02805  
 H                     1.82813  -1.4211    3.03652  
 H                     1.23234  -0.55865   1.64923  
 C                     0.06846  -2.3077    2.13149  
 H                     0.23761  -3.32675   2.50895  
 H                    -0.3604   -2.41291   1.1307  
 C                    -0.88656  -1.58582   3.06446  
 C                    -2.2195   -0.2807    1.2698  
 C                    -1.82066  -0.70536   2.67216  
 H                    -2.43342  -0.23355   3.43827  
 C                    -0.86705   2.25311   2.30371  
 H                    -0.49141   3.26634   2.47569  
 H                    -1.93506   2.22295   2.52754  
 H                    -0.34005   1.56388   2.96822  
 O                    -1.4169    2.81035   0.04019  
 C                    -4.17829   0.75644   0.28387  
 H                    -3.57826   1.2715   -0.47671  
 H                    -4.94285   1.46715   0.62014  
 Si                   -0.95712   4.09779  -0.94274  
 C                    -2.60133   4.88577  -1.4184  
 H                    -2.44796   5.74688  -2.08078  
 H                    -3.24812   4.1737   -1.94394  
 H                    -3.14393   5.23641  -0.53311  
 C                     0.0987    5.35506  -0.00653  
 H                    -0.43159   5.73592   0.87455  
 H                     1.04662   4.92327   0.33095  
 H                     0.33247   6.21394  -0.64882  
 C                    -0.06209   3.50377  -2.49639  
 H                     0.8767    2.99078  -2.26399  
 H                    -0.69078   2.8082   -3.06583  
 H                     0.16864   4.35157  -3.15477  
 C                    -4.84359  -0.47473  -0.30555  
 C                    -5.43024  -1.43391   0.53128  
 C                    -4.92087  -0.65126  -1.69112  
 C                    -6.08402  -2.54082  -0.00802  
 H                    -5.35883  -1.30726   1.60807  
 C                    -5.58316  -1.7543   -2.23503  
 H                    -4.46116   0.08234  -2.35062  
 C                    -6.16603  -2.70255  -1.39386  
 H                    -6.53282  -3.27829   0.65275  
 H                    -5.63591  -1.87582  -3.31399  
 H                    -6.6779   -3.56452  -1.81379  
197 
 
 C                     4.21145  -0.2753    1.11547  
 H                     4.86323  -0.74605   1.85307  
 C                     4.22771   1.06169   1.00898  
 C                     5.07288   1.92133   1.914  
 H                     5.80681   2.5047    1.34076  
 H                     4.45219   2.64684   2.45788  
 H                     5.61335   1.32097   2.65156  
 O                     4.15336  -2.0588   -0.5112  
 C                     3.34282  -1.20486   0.33123  
 H                     2.6531   -0.63325  -0.29313  
 H                    -2.47228  -1.18464   0.69058  
 O                    -3.41223   0.49544   1.45312  
 C                    -0.70838  -1.89551   4.53395  
 H                    -1.37526  -1.29666   5.16197  
 H                     0.32291  -1.71036   4.86514  
 C                     3.41083   1.84835  -0.04049  
 O                     3.48639   1.31995  -1.36698  
 C                     4.79304   1.34538  -1.92391  
 H                     5.21302   2.36378  -1.9084  
 H                     5.47331   0.66321  -1.39999  
 H                     4.68861   1.01782  -2.96037  
 H                     3.82161   2.87363  -0.0585  
 O                    -0.97417  -3.27562   4.7977  








 C                     1.74238  -2.43135  -1.7499  
 C                     2.24396  -1.42825  -0.68999  
 C                    -5.08779   0.2024    0.7373  
 C                    -6.17123  -0.83443   0.50609  
 H                    -5.27717   0.89055   1.53443  
 H                    -6.63759  -1.26638   1.36958  
 C                    -3.86224  -0.61145   0.86771  
 H                    -3.85346  -1.19202   1.76744  
 O                    -5.04655   0.87979  -0.51758  




 C                    -6.44463   1.12339  -0.62616  
 C                    -6.81062   2.19695   0.41677  
 H                    -6.28977   3.10357   0.19384  
 H                    -7.86343   2.37582   0.38769  
 H                    -6.5331    1.85801   1.39252  
 C                    -6.84847   1.61331  -2.02749  
 H                    -7.9056    1.78563  -2.052  
 H                    -6.33251   2.52506  -2.25083  
 H                    -6.5903    0.86859  -2.75462  
 C                    -2.53994   0.17739   0.80178  
 H                    -1.72363  -0.51342   0.80125  
 H                    -2.52903   0.75195  -0.10141  
 C                    -2.38919   1.13235   1.99552  
 H                    -3.20273   1.82646   2.00969  
 H                    -2.3846    0.57518   2.90987  
 C                     1.4934   -1.675     0.63259  
 H                     1.66415  -2.67633   0.96269  
 H                     1.8518   -0.988     1.37324  
 H                     0.44325  -1.52074   0.4842  
 O                     3.65528  -1.60382  -0.50397  
 Si                    4.29274  -2.69155   0.58746  
 C                     3.62799  -4.46886   0.19079  
 H                     4.04609  -5.16841   0.88403  
 H                     2.56069  -4.47763   0.2751  
 H                     3.90943  -4.74013  -0.805  
 C                     6.22878  -2.67424   0.43761  
 H                     6.51119  -2.94284  -0.56  
 H                     6.59573  -1.69311   0.65937  
 H                     6.64759  -3.37625   1.12805  
 C                     3.77773  -2.20334   2.39689  
 H                     4.14444  -1.22283   2.62107  
 H                     2.71036  -2.21153   2.48084  
 H                     4.19498  -2.90682   3.08815  
 C                     4.60408   2.48978  -0.85097  
 C                     4.19215   3.39723   0.13568  
 C                     4.96565   2.95739  -2.12414  
 C                     4.14782   4.76943  -0.14927  
 H                     3.91213   3.04571   1.10801  
 C                     4.92673   4.33197  -2.40664  
 H                     5.27315   2.26511  -2.87559  
 C                     4.51698   5.23771  -1.41803  
 H                     3.83215   5.45934   0.60214  
 H                     5.20921   4.68936  -3.37377  
 H                     4.48908   6.28576  -1.63071  
 C                    -4.11252  -1.44047  -0.38857  
 H                    -4.08004  -0.79742  -1.24236  
 O                    -5.45493  -1.94411  -0.16789  
 C                    -3.06842  -2.55663  -0.58197  
 H                    -3.29244  -3.57014  -0.31421  
 C                    -1.85123  -2.22556  -1.08555  
 C                    -1.50044  -0.73953  -1.26855  
 H                    -1.05167  -0.36574  -0.37198  
199 
 
 H                    -0.81491  -0.63499  -2.08242  
 H                    -2.39285  -0.18671  -1.48037  
 O                     3.69688   0.68123   0.47738  
 C                     4.65333   0.98388  -0.52876  
 H                     5.6272    0.7316   -0.16841  
 H                     4.4414    0.41447  -1.41178  
 C                     2.35121   0.91848   0.06516  
 H                     2.22967   1.94116  -0.21805  
 C                     1.98808   0.01071  -1.12332  
 H                     2.58697   0.24208  -1.98086  
 H                     0.95374   0.14523  -1.36922  
 C                    -0.26303   2.38514   3.05394  
 H                     0.78421   2.37748   2.82548  
 H                    -0.44786   1.74221   3.88604  
 C                     0.47607  -2.89279  -1.62594  
 C                    -0.80477  -3.29119  -1.45771  
 H                    -1.078    -4.31983  -1.57279  
 H                     2.37868  -2.76242  -2.54521  
 O                    -0.67132   3.71488   3.38247  
 H                    -0.16535   4.02873   4.13545  
 C                     1.41926   0.58154   1.25045  
 H                     0.4477    0.1832    1.06566  
 C                     1.82604   0.78293   2.52515  
 H                     1.17843   0.51632   3.33375  
 H                     2.78625   1.20889   2.71964  
 C                    -1.057     1.88984   1.83066  
 C                    -0.57816   2.12363   0.58291  
 H                     0.345     2.6468    0.45105  






















 C                     1.91419  -2.62033  -1.67991  
 C                     2.2951   -1.79009  -0.43496  
 C                    -4.47553   0.67882   0.31008  
 C                    -4.66154  -0.83191   0.37923  
 H                    -4.47419   1.17487   1.25654  
 H                    -4.29496  -1.25417   1.29143  
 O                    -5.61531   1.13997  -0.3814  
 O                    -6.08182  -1.00656   0.20873  
 C                    -6.54649   0.33724   0.397  
 C                    -6.49201   0.73101   1.88624  
 H                    -6.7979    1.74827   1.99623  
 H                    -7.15024   0.09964   2.44782  
 H                    -5.49425   0.615     2.25093  
 C                    -7.99645   0.49528  -0.09604  
 H                    -8.64244  -0.13402   0.48279  
 H                    -8.30185   1.51291   0.01475  
 H                    -8.0546    0.21361  -1.12609  
 C                    -2.91068   2.21531  -1.02764  
 H                    -2.05813   2.1728   -1.6736  
 H                    -3.75544   2.57978  -1.57427  
 C                    -2.60954   3.16463   0.14791  
 H                    -2.40115   4.14314  -0.22887  
 H                    -3.45462   3.21066   0.80073  
 C                     1.45734  -2.24331   0.77241  
 H                     1.65656  -3.27098   0.97678  
 H                     1.71382  -1.65266   1.62684  
 H                     0.41771  -2.11628   0.55248  
 O                     3.68508  -1.96302  -0.12964  
 Si                    4.17605  -3.08737   1.01045  
 C                     3.589    -4.85864   0.49334  
 H                     3.90884  -5.56617   1.23014  
 H                     2.52264  -4.87581   0.42134  
 H                     4.01383  -5.11247  -0.45354  
 C                     6.111    -3.0747    1.14039  
 H                     6.53289  -3.32656   0.191  
 H                     6.44394  -2.10074   1.4317  




 C                     3.40622  -2.63384   2.73222  
 H                     3.73258  -1.65814   3.02384  
 H                     2.3388   -2.64467   2.66045  
 H                     3.72193  -3.34879   3.46279  
 C                     4.35782   2.22158  -0.72368  
 C                     4.08643   3.17172   0.268  
 C                     4.45191   2.61882  -2.0644  
 C                     3.92772   4.5208   -0.08114  
 H                     4.00062   2.86793   1.29178  
 C                     4.28769   3.96553  -2.41283  
 H                     4.64696   1.89088  -2.8234  
 C                     4.03243   4.91752  -1.42046  
 H                     3.72778   5.24831   0.67803  
 H                     4.35977   4.26942  -3.43588  
 H                     3.91546   5.94943  -1.68301  
 O                     3.76227   0.40037   0.7843  
 C                     4.55988   0.7362   -0.35379  
 H                     5.59113   0.56578  -0.12858  
 H                     4.2678    0.12105  -1.18043  
 C                     2.38373   0.58969   0.46508  
 H                     2.21651   1.61681   0.21843  
 C                     2.01744  -0.29747  -0.745  
 H                     2.61226  -0.00294  -1.58335  
 H                     0.9786   -0.1663   -0.97466  
 C                    -1.24861   2.98133   2.41895  
 H                    -0.21188   3.02625   2.68163  
 H                    -1.72935   2.22255   2.999  
 C                     0.86053  -2.19112  -2.4149  
 C                    -0.231    -1.69671  -3.04035  
 H                     2.46045  -3.49587  -1.95156  
 H                    -0.28076  -1.61046  -4.10587  
 C                    -1.39363  -1.26134  -2.13174  
 C                    -1.375    -1.70593  -0.66758  
 H                    -0.86614  -2.64151  -0.58482  
 H                    -0.87026  -0.97179  -0.08175  
 H                    -2.38088  -1.81561  -0.31861  
 C                    -2.42575  -0.50458  -2.55144  
 H                    -2.43831  -0.08368  -3.53602  
 C                    -3.21319   0.80405  -0.48965  
 H                    -2.35253   0.49391   0.07265  
 C                    -3.57947  -0.24737  -1.5582  
 H                    -4.44365   0.04764  -2.11684  
 O                    -3.88212  -1.40475  -0.72853  
 O                    -1.86658   4.25054   2.677  
 H                    -1.79577   4.46203   3.61054  
 C                     1.50986   0.21899   1.67885  
 H                     1.63869  -0.72537   2.16943  
 C                     0.57761   1.09806   2.12511  
 H                     0.45797   2.04455   1.63493  
 H                    -0.03543   0.85127   2.96587  
 C                    -1.38599   2.64664   0.92767  
 C                    -0.43362   1.90624   0.30745  
202 
 
 H                    -0.53113   1.66523  -0.73305  








 C                     0.        0.        0.  
 C                     1.36854   0.        0.  
 H                     1.86419   0.96345   0.  
 C                    -1.36828   0.0001    0.00007  
 H                    -1.8972   -0.30341  -0.85495  
 C                    -2.1713    0.46694   1.27296  
 C                    -3.52481   0.28462   1.40972  
 H                    -3.98262   0.76595   2.23021  
 C                    -4.49428  -0.50145   0.48396  
 H                    -4.75114  -1.43901   0.95721  
 C                    -4.01015  -0.82954  -0.92876  
 H                    -3.6433    0.04699  -1.40006  
 O                    -5.64575   0.31694   0.23403  
 C                    -5.33555  -1.29118  -1.51334  
 H                    -5.40255  -1.37544  -2.58257  
 C                    -6.31562  -0.32533  -0.86326  
 H                    -6.64379   0.42871  -1.56168  
 C                    -2.94985  -1.94382  -1.00048  
 H                    -2.0944   -1.67604  -0.42306  
 H                    -3.34062  -2.87596  -0.62456  
 O                    -5.67147  -2.53679  -1.0026  
 O                    -7.35909  -1.16799  -0.33487  
 C                    -7.11711  -2.43958  -0.93493  
 C                    -2.6044   -2.03484  -2.46223  
 H                    -3.47036  -2.35793  -3.00454  
 H                    -2.33472  -1.03661  -2.75969  
 C                    -1.37701  -2.94929  -2.77927  
 C                     1.71696  -2.65195  -2.06527  
 H                     1.63959  -3.5742   -1.52135  
 C                     2.75357  -1.74103  -1.29537  
 H                     3.62295  -2.35544  -1.16233  




 C                     2.25864  -1.27783   0.09942  
 O                     1.49549  -2.36332   0.66423  
 Si                    1.36697  -3.07672   2.18629  
 C                     1.03565  -1.78314   3.60572  
 H                     0.92684  -2.30465   4.53743  
 H                     1.85782  -1.10188   3.67689  
 H                     0.14033  -1.23716   3.3991  
 C                     2.99801  -4.03522   2.60986  
 H                     2.88184  -4.53352   3.5508  
 H                     3.19509  -4.75526   1.84618  
 H                     3.81581  -3.34787   2.67235  
 C                    -0.13297  -4.29888   2.06537  
 H                    -1.02411  -3.74705   1.83842  
 H                     0.05215  -5.01007   1.28897  
 H                    -0.25968  -4.80846   2.99498  
 C                     3.50155  -0.89991   0.95446  
 H                     3.19343  -0.59174   1.93567  
 H                     4.14691  -1.74747   1.03948  
 H                     4.02683  -0.09484   0.48326  
 O                     2.21753  -2.91094  -3.38581  
 C                     3.30372  -3.83732  -3.32338  
 H                     4.1619   -3.37441  -2.88161  
 H                     3.00054  -4.66969  -2.73141  
 C                     3.638    -4.33446  -4.75098  
 C                     4.9134   -4.83195  -5.08224  
 C                     2.6331   -4.29826  -5.72848  
 C                     5.16498  -5.30312  -6.38519  
 H                     5.68969  -4.85705  -4.34719  
 C                     2.88948  -4.7576   -7.02645  
 H                     1.66693  -3.9164   -5.48107  
 C                     4.15066  -5.26677  -7.35408  
 H                     6.12757  -5.69384  -6.63798  
 H                     2.11918  -4.72259  -7.76656  
 H                     4.34164  -5.62698  -8.34355  
 C                    -1.48431   1.14817   2.48261  
 H                    -0.49139   0.77213   2.60277  
 H                    -1.45126   2.20274   2.31885  
 H                    -2.04695   0.94344   3.37433  
 C                    -0.72582  -4.12047  -1.88241  
 H                     0.32566  -4.19262  -2.0963  
 H                    -0.84634  -3.90223  -0.83085  
 C                    -7.91913  -2.50239  -2.26928  
 H                    -7.73556  -3.43192  -2.76173  
 H                    -8.96943  -2.42392  -2.03932  
 H                    -7.64082  -1.69817  -2.91366  
 C                    -7.53936  -3.60424  -0.06332  
 H                    -8.5747   -3.54469   0.1597  
 H                    -7.33365  -4.5185   -0.58109  
 H                    -6.96953  -3.57132   0.84259  
 C                     0.27115  -2.12358  -2.22268  
 H                    -0.24642  -2.35583  -3.13701  
 C                    -0.89255  -2.64504  -4.03503  
204 
 
 H                    -0.07011  -3.15501  -4.46463  
 H                    -1.36022  -1.83654  -4.58282  
 C                    -0.38437  -1.4366   -1.26928  
 H                     0.09803  -1.1859   -0.35704  
 H                    -1.40771  -1.15429  -1.43363  
 O                    -1.35662  -5.37452  -2.15507  









 C                    -1.32764  -2.74684   1.0452  
 C                    -2.47031  -1.89725   0.44133  
 C                     4.99748   0.49109  -0.9236  
 C                     5.98164  -0.63014  -1.28824  
 H                     5.04301   1.3507   -1.6045  
 H                     6.31889  -0.66344  -2.32803  
 C                     3.62618  -0.18984  -0.88556  
 H                     3.2392   -0.21917  -1.91378  
 O                     5.41819   0.86968   0.38648  
 O                     7.11727  -0.38763  -0.50018  
 C                     6.76333   0.43426   0.62015  
 C                     7.70562   1.63509   0.64717  
 H                     7.45411   2.29581   1.48266  
 H                     8.7425    1.30267   0.7593  
 H                     7.61774   2.19793  -0.28678  
 C                     6.79796  -0.38264   1.90878  
 H                     7.81875  -0.71906   2.11552  
 H                     6.44857   0.22184   2.75202  
 H                     6.15604  -1.26145   1.80733  
 C                     2.58825   0.43171   0.05762  
 H                     1.89753  -0.36592   0.32078  
 H                     3.10299   0.71916   0.98014  
 C                     1.75889   1.60437  -0.48472  
 H                     1.10761   1.27237  -1.30172  
 H                     1.10117   1.98036   0.31433  




 H                    -2.29852  -2.90033  -1.46499  
 H                    -3.18237  -1.3561   -1.55085  
 H                    -1.42639  -1.35561  -1.39282  
 O                    -3.64397  -2.62636   0.84581  
 Si                   -5.10375  -3.0935    0.1772  
 C                    -5.99773  -3.93212   1.60614  
 H                    -6.98785  -4.29068   1.29868  
 H                    -5.43018  -4.79338   1.9768  
 H                    -6.13705  -3.24131   2.4455  
 C                    -6.13162  -1.6219   -0.42477  
 H                    -6.29479  -0.89117   0.37661  
 H                    -5.66886  -1.09795  -1.2691  
 H                    -7.11915  -1.96526  -0.75939  
 C                    -4.89297  -4.3222   -1.2444  
 H                    -4.46939  -3.86101  -2.14317  
 H                    -4.24045  -5.15464  -0.95563  
 H                    -5.86641  -4.74771  -1.52104  
 C                    -3.75989   2.99383  -0.76405  
 C                    -3.34727   4.01666  -1.62985  
 C                    -4.40037   3.34655   0.43047  
 C                    -3.55536   5.35638  -1.30438  
 H                    -2.86051   3.75593  -2.56706  
 C                    -4.60797   4.68724   0.76385  
 H                    -4.74986   2.5651    1.10191  
 C                    -4.1838    5.69501  -0.10252  
 H                    -3.23704   6.13689  -1.99086  
 H                    -5.10606   4.94243   1.69544  
 H                    -4.34942   6.73859   0.15146  
 C                     4.00523  -1.64582  -0.47279  
 H                     4.04265  -1.6974    0.62628  
 O                     5.3324   -1.85657  -0.99799  
 O                    -2.19143   1.07717  -0.81516  
 C                    -3.50896   1.5422   -1.12189  
 H                    -3.59994   1.4077   -2.20491  
 H                    -4.26909   0.90828  -0.64731  
 C                    -1.90496   0.78817   0.56283  
 H                    -2.28199   1.61826   1.18232  
 C                    -2.64625  -0.47572   1.08029  
 H                    -3.71955  -0.2712    1.00424  
 H                    -2.4496   -0.56555   2.15475  
 C                     1.81395   4.09185  -0.78412  
 H                     2.43202   4.96277  -1.04029  
 H                     1.52349   4.19329   0.27105  
 C                    -0.04561  -2.70624   0.79284  
 C                     1.25395  -2.65872   0.56893  
 H                    -1.70584  -3.53586   1.69629  
 H                     1.86506  -2.10098   1.27748  
 C                     1.94317  -3.20701  -0.61452  
 C                     3.13383  -2.73781  -1.04275  
 H                     3.55159  -3.16481  -1.95296  
 C                     1.21745  -4.27964  -1.39165  
 H                     1.02522  -5.1571   -0.7616  
206 
 
 H                     0.23957  -3.92224  -1.73771  
 H                     1.79464  -4.59976  -2.26379  
 O                     0.66216   4.04018  -1.63212  
 H                     0.20719   4.89154  -1.5503  
 C                    -0.38528   0.71696   0.70786  
 H                    -0.1579   -0.20488   1.24597  
 C                     0.24714   1.98957   1.34968  
 H                    -0.46648   2.76072   1.66062  
 H                     0.89201   1.77129   2.20601  
 C                     2.60138   2.80238  -0.9938  
 C                     3.14668   2.64384  -2.44929  
 H                     3.06006   3.57082  -3.02438  













 C                     1.53669  -2.48201  -1.28903  
 C                     2.20155  -1.47578  -0.32728  
 C                    -5.13205   0.43823   1.0306  
 C                    -6.13187  -0.71386   0.73199  
 H                    -5.247     0.8653    2.03525  
 H                    -6.67898  -1.11255   1.59097  
 C                    -3.76577  -0.20506   0.78475  
 H                    -3.50493  -0.76055   1.69767  
 O                    -5.41934   1.41046   0.03085  
 O                    -7.0557   -0.16191  -0.18731  
 C                    -6.76512   1.22238  -0.4075  
 C                    -7.72494   2.08642   0.41626  
 H                    -7.50999   3.14891   0.26346  
 H                    -8.7603    1.88834   0.12203  
 H                    -7.62337   1.86132   1.48299  
 C                    -6.83477   1.51751  -1.89871  





 H                    -6.56276   2.55966  -2.09245  
 H                    -6.14457   0.86233  -2.43664  
 C                    -2.58229   0.68193   0.38515  
 H                    -1.87614   0.00901  -0.10707  
 H                    -2.90418   1.41083  -0.36634  
 C                    -1.84896   1.37282   1.55118  
 H                    -2.29472   2.35879   1.75219  
 H                    -2.02414   0.79616   2.47325  
 C                    -0.33056   1.52839   1.4329  
 C                     0.31782   1.25261   0.29071  
 H                    -0.29623   0.99662  -0.56967  
 C                     1.60402  -1.58301   1.07993  
 H                     1.72301  -2.60331   1.45859  
 H                     2.10204  -0.88299   1.75182  
 H                     0.53718  -1.35316   1.07173  
 O                     3.6136   -1.74791  -0.2957  
 Si                    4.52754  -2.98939   0.37498  
 C                     3.76318  -4.69509   0.09578  
 H                     4.42523  -5.46987   0.50394  
 H                     2.78817  -4.80391   0.58311  
 H                     3.6236   -4.90618  -0.97031  
 C                     6.17794  -2.8684   -0.52756  
 H                     6.05554  -3.02694  -1.60515  
 H                     6.63346  -1.88127  -0.38664  
 H                     6.88808  -3.61787  -0.15679  
 C                     4.81059  -2.71796   2.22404  
 H                     5.23658  -1.72617   2.41689  
 H                     3.8864   -2.80042   2.80603  
 H                     5.51619  -3.46201   2.61583  
 C                     4.32328   2.85776  -0.05099  
 C                     3.73791   4.06462   0.35685  
 C                     5.21633   2.87218  -1.12789  
 C                     4.04251   5.25737  -0.29719  
 H                     3.03495   4.05963   1.18564  
 C                     5.53143   4.06719  -1.77902  
 H                     5.67136   1.94053  -1.45817  
 C                     4.94375   5.26282  -1.36556  
 H                     3.5791    6.18543   0.02781  
 H                     6.22876   4.0612   -2.6128  
 H                     5.18276   6.19351  -1.87336  
 C                    -4.13021  -1.27771  -0.28334  
 H                    -4.27034  -0.78638  -1.25448  
 O                    -5.39416  -1.78257   0.18477  
 C                    -3.10382  -2.36189  -0.34342  
 H                    -3.12184  -3.03892   0.51129  
 C                    -2.0584   -2.41894  -1.19415  
 C                    -1.90247  -1.56806  -2.43292  
 H                    -1.03803  -0.8984   -2.35194  
 H                    -1.71576  -2.21181  -3.30106  
 H                    -2.7834   -0.95884  -2.6424  
 O                     2.64981   1.36814   1.00291  
 C                     4.02801   1.5657    0.68832  
208 
 
 H                     4.52112   1.5754    1.6677  
 H                     4.42359   0.70695   0.13204  
 C                     1.77814   1.20815  -0.11218  
 H                     1.93946   2.05565  -0.80217  
 C                     2.07381  -0.0533   -0.98053  
 H                     3.00382   0.10354  -1.53537  
 H                     1.28223  -0.07672  -1.73747  
 C                     0.30842   1.96894   2.72916  
 H                     1.3782    2.13767   2.62762  
 H                     0.14848   1.21561   3.5141  
 C                     0.33397  -2.96844  -1.11901  
 C                    -0.91386  -3.29902  -0.85365  
 H                    -1.12303  -4.18487  -0.2519  
 H                     2.1227   -2.72168  -2.17762  
 O                    -0.31161   3.16997   3.19606  








 C                     1.6321   -3.26137  -1.75823  
 C                     1.97878  -2.06605  -0.84093  
 C                    -4.28887   0.36875   0.42655  
 C                    -5.41567  -0.57477   0.83053  
 H                    -4.1916    1.24454   1.03404  
 H                    -5.62931  -0.54053   1.87812  
 C                    -3.09929  -0.52779   0.40508  
 H                    -2.7606   -0.78785   1.38624  
 O                    -4.65596   0.81022  -0.86119  
 O                    -6.5183   -0.14202   0.01507  
 C                    -6.01737   1.10948  -0.47334  
 C                    -6.0295    2.17653   0.63622  
 H                    -5.60669   3.08513   0.26144  
 H                    -7.03687   2.35426   0.94958  
 H                    -5.45249   1.83092   1.46891  
 C                    -6.85436   1.62646  -1.66138  
 H                    -7.85964   1.8024   -1.3406  





 H                    -6.85287   0.89644  -2.44436  
 C                    -1.91751   0.07127  -0.40991  
 H                    -1.15854  -0.66727  -0.56655  
 H                    -2.30859   0.39267  -1.35269  
 C                    -1.28293   1.27096   0.31929  
 H                    -2.04316   1.9575    0.62429  
 H                    -0.75721   0.91231   1.18002  
 C                     0.96436   1.65502  -0.90917  
 H                     1.55356   2.29133  -1.53548  
 C                     1.41455  -2.34309   0.56214  
 H                     1.84843  -3.23927   0.95169  
 H                     1.64901  -1.52243   1.20702  
 H                     0.35211  -2.45763   0.5016  
 O                     3.39618  -1.90134  -0.77312  
 Si                    4.27787  -2.64338   0.42497  
 C                     4.02579  -4.56539   0.33728  
 H                     4.59955  -5.03584   1.10889  
 H                     2.98986  -4.7953    0.47245  
 H                     4.34952  -4.92588  -0.61706  
 C                     6.154    -2.23091   0.17988  
 H                     6.47658  -2.59108  -0.77495  
 H                     6.29386  -1.172     0.22757  
 H                     6.72604  -2.70251   0.95039  
 C                     3.68524  -1.9914    2.15215  
 H                     3.82354  -0.93149   2.1986  
 H                     2.64862  -2.22223   2.28288  
 H                     4.25556  -2.46026   2.92598  
 C                    -3.76597  -1.71823  -0.28512  
 H                    -4.00772  -1.4477   -1.29114  
 O                    -4.97062  -1.93992   0.50685  
 C                    -2.85106  -2.94993  -0.28398  
 H                    -3.0492   -3.78001   0.36016  
 C                    -1.77462  -2.9388   -1.07634  
 C                    -1.44822  -1.65477  -1.86338  
 H                    -0.81997  -1.0228   -1.27175  
 H                    -0.94244  -1.91172  -2.77121  
 H                    -2.35612  -1.13749  -2.09643  
 C                     1.60905   0.36838  -0.36721  
 H                     2.66401   0.51411  -0.27226  
 C                     1.33122  -0.77914  -1.36498  
 H                     1.73596  -0.53755  -2.32567  
 H                     0.27233  -0.92101  -1.44746  
 C                     0.42835  -3.80788  -1.52632  
 C                    -0.82815  -4.13732  -1.19621  
 H                    -1.13725  -5.14603  -1.01153  
 H                     2.29915  -3.62439  -2.5141  
 C                    -0.3231    2.01848  -0.64761  
 C                    -0.8711    3.26529  -1.37164  
 H                    -1.60746   3.74     -0.75745  
 H                    -0.0708    3.95041  -1.56065  
 O                    -1.46553   2.8718   -2.61134  
 H                    -1.81072   3.64424  -3.06315  
210 
 
 O                     1.0707    0.0378    0.92203  
 C                     1.31665   1.11563   1.83796  
 H                     2.3585    1.35535   1.83114  
 H                     0.74998   1.97353   1.53828  
 C                     0.90536   0.69564   3.26676  
 C                     1.56405   1.2526    4.37429  
 C                    -0.11952  -0.2395    3.4646  
 C                     1.20706   0.86424   5.67508  
 H                     2.34071   1.9736    4.22712  
 C                    -0.47292  -0.63015   4.76688  
 H                    -0.63045  -0.65705   2.62376  
 C                     0.19153  -0.08078   5.87111  
 H                     1.70979   1.28878   6.51866  
 H                    -1.25031  -1.35032   4.91954  







 C                     1.51839  -2.80764  -1.15897  
 C                     2.12661  -1.66247  -0.31415  
 C                    -4.6983    0.22999   0.88676  
 C                    -5.4789   -1.03169   0.43195  
 H                    -4.50126   0.25094   1.9663  
 H                    -5.57517  -1.8307    1.17307  
 O                    -5.54426   1.31201   0.51004  
 O                    -6.76801  -0.56185   0.08819  
 C                    -6.88278   0.82911   0.40396  
 C                    -7.62249   0.99651   1.73501  
 H                    -7.70419   2.05645   1.99624  
 H                    -8.6281    0.57007   1.66602  
 H                    -7.08672   0.48122   2.53904  
 C                    -7.56749   1.54836  -0.74889  
 H                    -8.58262   1.1633   -0.88341  
 H                    -7.62219   2.62257  -0.54702  
 H                    -7.00257   1.38664  -1.67062  
 C                    -2.78551   1.57379  -0.24863  





 H                    -3.59043   2.2891   -0.4437  
 C                    -1.91458   2.10566   0.90748  
 H                    -1.93907   3.20643   0.88306  
 H                    -2.39972   1.84676   1.86048  
 C                    -0.43574   1.71806   1.00659  
 C                     0.25695   1.25019  -0.0437  
 H                    -0.30204   1.07766  -0.96213  
 C                     1.42489  -1.67296   1.05562  
 H                     1.46687  -2.67421   1.49985  
 H                     1.8989   -0.95619   1.72853  
 H                     0.37335  -1.39586   0.94443  
 O                     3.53359  -1.90612  -0.16344  
 Si                    4.47381  -2.9139    0.79104  
 C                     3.90901  -4.72008   0.73848  
 H                     4.59207  -5.33868   1.33507  
 H                     2.90241  -4.86278   1.14871  
 H                     3.91622  -5.11881  -0.28289  
 C                     6.19223  -2.7726    0.03263  
 H                     6.18737  -3.08966  -1.01647  
 H                     6.55838  -1.73998   0.06603  
 H                     6.91482  -3.39933   0.56977  
 C                     4.52558  -2.33971   2.59173  
 H                     4.79357  -1.27893   2.66172  
 H                     3.56486  -2.4733    3.10051  
 H                     5.27874  -2.90935   3.15139  
 C                     4.24374   2.73927  -0.07131  
 C                     3.62106   3.91776   0.3628  
 C                     5.19091   2.81596  -1.09819  
 C                     3.94404   5.1445   -0.21523  
 H                     2.87489   3.86336   1.15077  
 C                     5.52348   4.04478  -1.67305  
 H                     5.67388   1.90648  -1.44987  
 C                     4.89964   5.21233  -1.23298  
 H                     3.45194   6.05046   0.12948  
 H                     6.26246   4.08719  -2.46904  
 H                     5.15251   6.16945  -1.68153  
 O                     2.54477   1.19626   0.84963  
 C                     3.93143   1.40982   0.5914  
 H                     4.39531   1.37092   1.58453  
 H                     4.34886   0.58213   0.00472  
 C                     1.73459   1.01685  -0.31074  
 H                     2.00397   1.80675  -1.03468  
 C                     2.00626  -0.30955  -1.0751  
 H                     2.93684  -0.21339  -1.64277  
 H                     1.21035  -0.38995  -1.82057  
 C                     0.13262   2.01764   2.37512  
 H                     1.20706   1.85728   2.42449  
 H                    -0.35318   1.38361   3.13102  
 C                     0.44005  -2.66058  -1.88262  
 C                    -0.69228  -2.31269  -2.4594  
 H                     1.98768  -3.78192  -1.03375  
 H                    -0.695    -1.97484  -3.49689  
212 
 
 C                    -1.94899  -2.17087  -1.68453  
 C                    -2.12727  -3.08828  -0.49974  
 H                    -2.07704  -4.13289  -0.83169  
 H                    -1.31672  -2.95551   0.22643  
 H                    -3.08582  -2.92906  -0.00993  
 C                    -2.78225  -1.16773  -2.02681  
 H                    -2.53309  -0.59297  -2.91843  
 C                    -3.42324   0.20439   0.02958  
 H                    -2.69431  -0.43813   0.54021  
 C                    -3.9096   -0.58002  -1.22067  
 H                    -4.49406   0.09429  -1.86417  
 O                    -4.79452  -1.57745  -0.67094  
 O                    -0.15394   3.36797   2.74846  







 C                     1.66863  -3.10639  -1.15183  
 C                     1.77293  -1.86578  -0.23574  
 C                    -3.98612   0.31492   0.22993  
 C                    -4.37373  -1.08365   0.66958  
 H                    -3.74417   0.98986   1.02172  
 H                    -3.91325  -1.3596    1.58943  
 O                    -5.17281   0.81824  -0.37504  
 O                    -5.82069  -1.04151   0.74926  
 C                    -6.07566   0.36624   0.67439  
 C                    -5.77298   1.04287   2.0215  
 H                    -5.90788   2.09939   1.93505  
 H                    -6.44377   0.66112   2.76666  
 H                    -4.76647   0.83536   2.30555  
 C                    -7.55225   0.66273   0.3224  
 H                    -8.18569   0.29528   1.10266  
 H                    -7.69272   1.71849   0.22087  
 H                    -7.80377   0.18047  -0.59522  
 C                    -2.65015   1.36564  -1.62738  
 H                    -2.11209   1.23394  -2.55179  
 H                    -3.64904   1.67695  -1.81487  
 C                    -1.86919   2.43203  -0.8019  





 H                    -2.00877   2.20665   0.24463  
 C                     0.79471   1.85335  -0.99231  
 H                     1.63684   2.23771  -1.5302  
 C                     1.08278  -2.12078   1.11285  
 H                     1.5585   -2.9422    1.60684  
 H                     1.15835  -1.24789   1.72317  
 H                     0.05312  -2.3547    0.94856  
 O                     3.16535  -1.59267  -0.03411  
 Si                    4.08622  -2.42231   1.08441  
 C                     3.91431  -4.34044   0.79915  
 H                     4.52238  -4.86319   1.50626  
 H                     2.89195  -4.63129   0.92604  
 H                     4.23086  -4.58659  -0.19275  
 C                     5.94169  -1.89268   0.83363  
 H                     6.24453  -2.13244  -0.16604  
 H                     6.03684  -0.83945   0.98824  
 H                     6.56191  -2.4129    1.52779  
 C                     3.49393  -2.00652   2.89205  
 H                     3.58793  -0.95586   3.06921  
 H                     2.46959  -2.2941    3.00687  
 H                     4.09349  -2.54166   3.59785  
 C                     1.1539    0.63794  -0.10776  
 H                     2.15883   0.78754   0.22885  
 C                     1.09485  -0.65828  -0.96044  
 H                     1.626    -0.49585  -1.87284  
 H                     0.05991  -0.88501  -1.17014  
 C                     0.59837  -3.15834  -1.95585  
 C                    -0.54345  -3.06816  -2.6443  
 H                     2.41547  -3.86916  -1.15204  
 H                    -0.67188  -3.47693  -3.62479  
 C                    -1.6273   -2.29853  -1.91784  
 C                    -1.50899  -2.1115   -0.3872  
 H                    -1.01679  -2.95617   0.04365  
 H                    -0.93983  -1.22602  -0.18428  
 H                    -2.48445  -2.01084   0.044  
 C                    -2.68585  -1.73862  -2.5035  
 H                    -2.83134  -1.70055  -3.56172  
 C                    -2.89224   0.07134  -0.7985  
 H                    -1.94728  -0.27136  -0.38182  
 C                    -3.60121  -1.10721  -1.49869  
 H                    -4.52262  -0.81048  -1.97233  
 O                    -3.89484  -1.9916   -0.37377  
 C                    -0.36836   2.5336   -1.23771  
 C                    -0.16189   3.75871  -2.16591  
 H                    -0.86081   4.51997  -1.8769  
 H                     0.84542   4.13275  -2.07128  
 O                    -0.39024   3.40395  -3.5414  
 H                    -0.27254   4.17654  -4.09983  
 O                     0.29002   0.52003   1.02569  
 C                     0.75749   1.37407   2.07306  
 H                     0.14289   2.24863   2.12121  
 H                     1.76951   1.65979   1.87536  
214 
 
 C                     0.68894   0.62389   3.41624  
 C                     1.76481   0.68077   4.30265  
 C                    -0.44874  -0.11234   3.74669  
 C                     1.70321   0.00099   5.51893  
 H                     2.6619    1.26066   4.0415  
 C                    -0.51092  -0.79157   4.96373  
 H                    -1.29686  -0.15713   3.04826  
 C                     0.56485  -0.73514   5.84978  
 H                     2.55143   0.04527   6.21739  
 H                    -1.40823  -1.37164   5.22419  







 C                    -0.29493   2.13042  -1.83268  
 C                     0.94579   2.52356  -1.94317  
 H                     1.30173   2.84285  -2.92602  
 C                    -1.50035   1.60267  -1.77795  
 H                    -1.54549   0.53639  -1.97275  
 C                    -2.77464   2.28803  -1.49191  
 C                    -3.87804   1.68005  -1.00812  
 H                    -4.75472   2.3131   -0.87244  
 C                    -4.17426   0.27863  -0.53515  
 H                    -4.3646    0.33649   0.55112  
 C                    -3.22915  -0.91429  -0.78793  
 H                    -2.93771  -0.88622  -1.84576  
 O                    -5.40489  -0.12499  -1.18708  
 C                    -4.19643  -2.10477  -0.64768  
 H                    -3.91451  -2.96144  -1.27253  
 C                    -5.58128  -1.50361  -1.00981  
 H                    -6.04798  -1.88588  -1.92256  
 C                    -1.98641  -0.96009   0.11656  
 H                    -1.6456    0.06554   0.28996  
 H                    -2.278    -1.36232   1.09112  
 O                    -4.33129  -2.50269   0.71232  





 C                    -5.72002  -2.67794   0.99779  
 C                    -0.80073  -1.76986  -0.47248  
 H                    -0.94203  -2.8381   -0.25329  
 H                    -0.79825  -1.67478  -1.56579  
 C                     0.53243  -1.28523   0.06408  
 C                     1.37602  -0.61606  -0.73837  
 H                     1.11237  -0.51101  -1.7898  
 C                     2.68133   0.01778  -0.33625  
 H                     2.68712   0.21163   0.74234  
 C                     3.00373   1.34174  -1.06342  
 H                     3.99728   1.6577   -0.72133  
 H                     3.09943   1.13303  -2.13605  
 C                     2.0282    2.54461  -0.85448  
 O                     1.45793   2.42447   0.43983  
 Si                    1.04466   3.45272   1.69734  
 C                    -0.05653   4.89183   1.16211  
 H                    -0.29903   5.51586   2.03212  
 H                     0.41647   5.5417    0.41718  
 H                    -1.00117   4.53043   0.74192  
 C                     2.58224   4.13399   2.5637  
 H                     2.29722   4.64578   3.49202  
 H                     3.27806   3.33019   2.83234  
 H                     3.12702   4.8575    1.94716  
 C                     0.0957    2.34283   2.88528  
 H                    -0.80396   1.93838   2.40779  
 H                     0.70935   1.49523   3.21097  
 H                    -0.21722   2.89335   3.7811  
 C                     2.82924   3.85116  -1.01801  
 H                     2.17979   4.72832  -0.93229  
 H                     3.61661   3.91516  -0.26047  
 H                     3.30706   3.8841   -2.00373  
 O                     3.72358  -0.93496  -0.63859  
 C                     4.91214  -0.80022   0.11716  
 H                     5.49734   0.08139  -0.19199  
 H                     4.65942  -0.64959   1.18296  
 C                     5.76156  -2.04421  -0.03604  
 C                     7.14738  -1.97045   0.14601  
 C                     5.17936  -3.28517  -0.31692  
 C                     7.93894  -3.11633   0.06147  
 H                     7.61227  -1.00814   0.35268  
 C                     5.97115  -4.43057  -0.41012  
 H                     4.10746  -3.33659  -0.47592  
 C                     7.35188  -4.35178  -0.21798  
 H                     9.01401  -3.04225   0.20441  
 H                     5.50768  -5.38797  -0.63502  
 H                     7.96681  -5.245    -0.2913  
 C                    -2.80524   3.77045  -1.79325  
 H                    -1.99294   4.29387  -1.2752  
 H                    -2.65692   3.95026  -2.86572  
 H                    -3.75415   4.22446  -1.49406  
 C                     0.77346  -1.56381   1.5279  
 H                     1.75432  -1.23129   1.87365  
216 
 
 H                     0.01217  -1.08254   2.15571  
 C                    -6.14043  -4.12914   0.74181  
 H                    -5.60469  -4.80714   1.41396  
 H                    -7.21638  -4.24625   0.90442  
 H                    -5.91738  -4.41749  -0.29078  
 C                    -5.98002  -2.23032   2.42831  
 H                    -7.04584  -2.31243   2.66108  
 H                    -5.41748  -2.85474   3.12916  
 H                    -5.67011  -1.18909   2.54946  
 O                     0.67978  -2.96835   1.77965  








 C                    -0.31927   2.20744  -1.77665  
 C                     0.88927   2.78317  -1.9414  
 H                     1.06397   3.32912  -2.83983  
 C                    -1.53324   1.62925  -1.61121  
 H                    -1.60624   0.58716  -1.71942  
 C                    -2.82265   2.43674  -1.30559  
 C                    -3.97641   1.82382  -0.88109  
 H                    -4.84089   2.45768  -0.82006  
 C                    -4.23047   0.31972  -0.48996  
 H                    -4.31542   0.23082   0.58212  
 C                    -3.17422  -0.75755  -0.92489  
 H                    -2.91617  -0.66922  -1.96131  
 O                    -5.42897  -0.05054  -1.17746  
 C                    -4.09984  -2.00207  -0.65834  
 H                    -3.82772  -2.94036  -1.09606  
 C                    -5.50768  -1.46809  -1.05811  
 H                    -5.8451   -1.86131  -2.00051  
 C                    -1.83459  -0.60489   0.02022  
 H                    -1.60239   0.42668  -0.00948  
 H                    -2.16069  -0.9178    0.99887  
 O                    -4.21333  -2.2045    0.72256  





 C                    -5.59444  -2.649     0.8906  
 C                    -0.43127  -1.36054  -0.25649  
 H                    -0.54679  -2.4077   -0.11835  
 H                    -0.04966  -1.16933  -1.23548  
 C                     1.66699   0.13637   0.63107  
 H                     1.92694   0.81653   1.40646  
 C                     2.49002   0.1504   -0.67175  
 H                     3.35981  -0.46573  -0.55735  
 C                     3.04318   1.61493  -1.08014  
 H                     3.85863   1.83745  -0.42568  
 H                     3.38668   1.617    -2.10387  
 C                     2.00553   2.76139  -0.86454  
 O                     1.45356   2.50665   0.44968  
 Si                    1.0433    3.43559   1.8022  
 C                    -0.22265   4.84789   1.38974  
 H                    -0.47196   5.37366   2.29497  
 H                     0.20876   5.53277   0.69236  
 H                    -1.11181   4.42405   0.97309  
 C                     2.61065   4.24994   2.62055  
 H                     2.31842   4.74252   3.53153  
 H                     3.33357   3.49281   2.84775  
 H                     3.04107   4.96623   1.95523  
 C                     0.24102   2.18541   3.03685  
 H                    -0.62375   1.74509   2.58251  
 H                     0.94778   1.4159    3.27586  
 H                    -0.04685   2.69364   3.93206  
 C                     2.75501   4.12752  -0.94087  
 H                     2.07229   4.92553  -0.7388  
 H                     3.54811   4.13927  -0.2244  
 H                     3.16526   4.25517  -1.92735  
 C                    -2.8845    3.97797  -1.48101  
 H                    -1.98549   4.42856  -1.10217  
 H                    -2.99174   4.20547  -2.51476  
 H                    -3.72381   4.37465  -0.93211  
 C                    -5.93463  -4.13079   0.51971  
 H                    -5.35532  -4.79893   1.12359  
 H                    -6.98431  -4.3006    0.7138  
 H                    -5.73457  -4.31897  -0.51155  
 C                    -5.89121  -2.4221    2.36671  
 H                    -6.919    -2.60074   2.57123  
 H                    -5.28572  -3.07999   2.95492  
 H                    -5.64732  -1.40205   2.6091  
 C                     0.59449  -0.79366   0.82995  
 O                     1.67368  -0.46469  -1.58764  
 C                     2.5614   -1.34731  -2.26214  
 H                     2.91072  -2.13742  -1.60348  
 H                     3.40757  -0.80569  -2.61412  
 C                     1.78243  -1.92983  -3.4013  
 C                     1.21092  -3.20659  -3.34863  
 C                     1.63817  -1.11756  -4.50431  
 C                     0.48118  -3.66074  -4.44947  
 H                     1.32954  -3.82809  -2.48107  
218 
 
 C                     0.89699  -1.55253  -5.58914  
 H                     2.09319  -0.14835  -4.50442  
 C                     0.32077  -2.82851  -5.56895  
 H                     0.04652  -4.63675  -4.43962  
 H                     0.76782  -0.91167  -6.43191  
 H                    -0.24263  -3.16706  -6.40858  
 C                     0.38628  -1.3269    2.2596  
 H                    -0.41277  -0.79065   2.72744  
 H                     1.28488  -1.19265   2.82475  
 O                     0.05988  -2.71814   2.20661  








 C                    -0.98619  -2.7249    1.23076  
 C                    -2.04172  -1.90585   0.45329  
 C                     4.94042   0.71115  -0.88211  
 C                     6.15134  -0.22396  -0.61781  
 H                     5.0809    1.36919  -1.74917  
 H                     6.90125  -0.27664  -1.41246  
 C                     3.75789  -0.25268  -1.02929  
 H                     3.73321  -0.58971  -2.0754  
 O                     4.8262    1.47316   0.31588  
 O                     6.75744   0.28794   0.55465  
 C                     6.09834   1.49024   0.96376  
 C                     6.91524   2.70509   0.51247  
 H                     6.41509   3.63321   0.80732  
 H                     7.91187   2.68065   0.96411  
 H                     7.03286   2.70446  -0.57615  
 C                     5.87618   1.45244   2.46857  
 H                     6.83726   1.42323   2.99055  
 H                     5.32592   2.34096   2.79327  
 H                     5.303     0.56024   2.73385  
 C                     2.3757    0.23855  -0.60537  
 H                     1.73709  -0.64629  -0.5873  
 H                     2.4374    0.60758   0.42479  





 H                     2.19602   2.25616  -1.39646  
 H                     1.79462   0.99897  -2.54494  
 C                     0.19693   1.47579  -1.21219  
 C                    -0.41158   0.83467  -0.19984  
 H                     0.21148   0.21944   0.44235  
 C                    -1.71446  -1.91631  -1.04667  
 H                    -1.78068  -2.94547  -1.41352  
 H                    -2.4      -1.28047  -1.6082  
 H                    -0.70039  -1.55103  -1.22312  
 O                    -3.24863  -2.64233   0.69227  
 Si                   -4.8322   -2.71881   0.16889  
 C                    -5.28774  -4.54481   0.26134  
 H                    -6.34121  -4.70709   0.00114  
 H                    -4.67671  -5.14023  -0.42693  
 H                    -5.12864  -4.93992   1.27136  
 C                    -5.94501  -1.75374   1.35628  
 H                    -5.77284  -2.06329   2.39389  
 H                    -5.78439  -0.67055   1.30194  
 H                    -7.00278  -1.9373    1.12769  
 C                    -5.10455  -2.08277  -1.59023  
 H                    -4.80114  -1.03697  -1.70802  
 H                    -4.55307  -2.67421  -2.32965  
 H                    -6.17107  -2.14958  -1.84232  
 C                    -3.95158   3.0859   -0.03327  
 C                    -3.7963    4.06421  -1.02602  
 C                    -4.0384    3.49528   1.30293  
 C                    -3.71709   5.4147   -0.69054  
 H                    -3.74234   3.76169  -2.06927  
 C                    -3.95945   4.84744   1.64456  
 H                    -4.17802   2.74973   2.083  
 C                    -3.79646   5.80933   0.64786  
 H                    -3.60022   6.16083  -1.47208  
 H                    -4.02841   5.14736   2.68686  
 H                    -3.73746   6.86232   0.91005  
 C                     4.23764  -1.45565  -0.16663  
 H                     4.08903  -1.20278   0.89403  
 O                     5.64871  -1.52594  -0.44292  
 O                    -2.77909   1.03668  -0.79313  
 C                    -4.02898   1.61915  -0.40784  
 H                    -4.66944   1.4888   -1.28612  
 H                    -4.48299   1.05226   0.41696  
 C                    -1.84896   0.81757   0.2794  
 H                    -1.96312   1.64441   1.0008  
 C                    -2.1882   -0.46631   1.08793  
 H                    -3.2262   -0.37989   1.42201  
 H                    -1.58689  -0.42772   2.00386  
 C                    -0.46818   2.4166   -2.18644  
 H                    -1.53131   2.52983  -1.98994  
 H                    -0.34122   2.05756  -3.21772  
 C                     0.31123  -2.6781    1.08028  
 C                     1.61662  -2.56122   0.93207  
 H                    -1.42377  -3.40229   1.96468  
220 
 
 H                     2.12341  -1.81872   1.54994  
 C                     2.44675  -3.27993  -0.05668  
 C                     3.6154   -2.77819  -0.50854  
 H                     4.17079  -3.34023  -1.25764  
 C                     1.90269  -4.58366  -0.58855  
 H                     1.7791   -5.31509   0.21992  
 H                     0.91077  -4.4403   -1.03481  
 H                     2.56369  -5.0128   -1.34708  
 O                     0.15302   3.70331  -2.12821  







 C                    -0.97174  -2.82296   1.12661  
 C                    -2.13815  -2.00218   0.40582  
 C                     4.96977   0.73098  -0.66936  
 C                     6.22072  -0.22379  -0.67289  
 H                     5.10634   1.63983  -1.24085  
 H                     6.85425  -0.22649  -1.53561  
 C                     3.77963  -0.17537  -1.05085  
 H                     3.73358  -0.33482  -2.1261  
 O                     4.79497   1.05113   0.66937  
 O                     6.91872   0.12923   0.54931  
 C                     6.1409    1.17983   1.16722  
 C                     6.91754   2.51761   0.85415  
 H                     6.41069   3.35841   1.27158  
 H                     7.89922   2.44372   1.29546  
 H                     7.01902   2.65763  -0.20006  
 C                     5.99174   1.01783   2.67849  
 H                     6.94365   0.96697   3.13637  
 H                     5.44352   1.84492   3.08138  
 H                     5.44813   0.11305   2.86289  
 C                     2.32407   0.30051  -0.36655  
 H                     1.59908  -0.45025  -0.63421  
 H                     2.55504   0.29842   0.66287  
 C                     1.56588   1.7378   -0.6406  





 H                     0.99148   1.66927  -1.54024  
 C                    -0.78567   1.5567    0.98187  
 H                    -1.12374   1.78456   1.97538  
 C                    -1.87685  -1.91814  -1.13981  
 H                    -1.83357  -2.90736  -1.55287  
 H                    -2.63339  -1.36344  -1.61875  
 H                    -0.91729  -1.4359   -1.30061  
 O                    -3.29568  -2.70183   0.83879  
 Si                   -4.8419   -2.90649   0.26237  
 C                    -5.25385  -4.78414   0.42011  
 H                    -6.27805  -4.93831   0.18042  
 H                    -4.64286  -5.35763  -0.24705  
 H                    -5.06257  -5.09171   1.42368  
 C                    -5.95115  -1.87288   1.42098  
 H                    -5.74605  -2.14957   2.43117  
 H                    -5.73369  -0.83733   1.28103  
 H                    -6.97297  -2.05972   1.19574  
 C                    -5.17765  -2.35589  -1.59506  
 H                    -4.94396  -1.32359  -1.71509  
 H                    -4.58093  -2.93303  -2.27357  
 H                    -6.21601  -2.51689  -1.82288  
 C                     4.28712  -1.47313  -0.28747  
 H                     4.13575  -1.31773   0.76846  
 O                     5.67486  -1.5685   -0.5971  
 C                    -1.72196   0.60618   0.17221  
 H                    -2.60944   1.10956  -0.17096  
 C                    -2.21452  -0.58431   1.08992  
 H                    -3.21764  -0.27014   1.35281  
 H                    -1.63081  -0.7508    1.97677  
 C                     0.35414  -2.65716   0.91724  
 C                     1.66861  -2.49263   0.70968  
 H                    -1.29885  -3.57048   1.80988  
 H                     2.16415  -1.76183   1.27557  
 C                     2.44953  -3.29732  -0.34465  
 C                     3.62698  -2.80854  -0.77296  
 H                     4.14024  -3.37062  -1.50973  
 C                     1.87921  -4.58719  -0.94998  
 H                     1.81985  -5.35185  -0.1824  
 H                     0.9069   -4.39626  -1.3236  
 H                     2.51734  -4.92472  -1.72567  
 C                     0.48447   2.15036   0.6225  
 C                     0.68888   3.28519   1.70226  
 H                     1.33582   4.11988   1.39134  
 H                    -0.32074   3.68096   1.8897  
 O                     1.24736   2.65831   2.90561  
 H                     1.30626   3.2728    3.64728  
 O                    -1.10102   0.19344  -0.975  
 C                    -1.62349   1.21812  -1.93269  
 H                    -1.13008   2.18551  -1.83282  
 H                    -2.68746   1.39603  -1.78139  
 C                    -1.40752   0.58889  -3.29839  
 C                    -2.39276  -0.27567  -3.80264  
222 
 
 C                    -0.24513   0.8318   -4.01279  
 C                    -2.19395  -0.91697  -5.02856  
 H                    -3.29132  -0.45473  -3.24672  
 C                    -0.04504   0.19107  -5.2398  
 H                     0.49511   1.49682  -3.62354  
 C                    -1.0172   -0.68349  -5.74822  
 H                    -2.93752  -1.58606  -5.41394  
 H                     0.85229   0.36664  -5.79019  
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